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Chapter l

lntroduction

GeneticandBreeding Studieson FunctionaI Componentsof

Galangal and Chili Pepper

1

Galangal andchili pepperareknownasthepopular spiceinThail皿d, especially as

thetypical cuisineof Thailand. For galangalj t isoneof theimponantcropscultivated in

tropical area. ltsrhizomeisusednotonly asacommonspicen)rmanydishesbutalsoasa

medidinal pl血 t. The demands for such medical herbs are expected to increase. lt

acetoxychavicol acetate (ACA) isone (jf principal ingredientsin rhizomeof galangal that

hasalotof benefitsuch asanti-tumor (Kondod ㎡・, 1993) and anti-fungal (ltokawaer㎡. ;

1987). lthadpowertoresistcancerSarcoma180 ascitesinmouse. lt皿soshowedthe

emciency to control the anthracnosepostharvest disease on the sUrf41ce of m皿go’s fruit

. (Jariyanusom, 2002) . Manystudiesonsuchingredientofga1池gal hadbeencarriedout,

however, thereWaslittle infolrmlation about genetic rellationshilp of galangal available folr

systematic breeding. Therefore, this study was described in the genetic relationship of

gal血gals collected from different regions in Thailand by cluster analysis based on

randomly amplifiedpolymorphicDNA (RAPD) analysisandrev6aledtherelationof ACA

` content, one of important characters of ・帥 langa1, w ith the genetic relationship of galangal

in Thailand丘om st皿dpointofbreedingofhighACA content(;ultivar.

For chili pepperj t is one of the important spiceO n theworld. Chili peppers皿 d

theirvariouscultivarsoriginatednòm theNew W orld. ltsdQmestiしationintheNew W orld

coincideswith thedevelopment of human cultureal!d civilization (Fari√1986) . By now,

they aregrown aroundtheworld andwidely useasspicesor vegetableiyl cuisine, and as



medicine. Thenutritional content of chili peppersisrelatively high. Chili pepper isgood

sourcesof vitamins, partlicularlyvitaminC, andinthedriedpungenttypes, vitaminA. lt

had many beneflcial effectson health. ln addition to its useas food or condiment and

medicine, chili pepperlsl still have a lot of valuel asj ndustrial and omamentlal plants

(Armh geandHamilton, 1987; Carmichae1√1991; Bosland万e万tal。 1994; Cichewiczand

Tho巾e, 1996; BoSland, 1997) . inThailand, chilipepperhasalsobecomeapartoftheThai

in the many cooking traditions, especially one of the chili pepper species Capsicum

夕utescens. Thisspeciesisknownasapungentchilipepperspeciessuchas‘Phrikkhiinuu’
A

in Thailand. However, ‘S3212≒ one of C. 夕z峨?∫c朗∫ accessions, showed Very low

capsaicin61dcontent, 皿mely few-pungencyinthefhlits(M atsushimaeX㎡・, 2004; Konisho

et al ・, 2005a) . This feW -pungent trait is unique to ‘S32 12 ’ because all other C . 夕 utescens

accessions had pungent fhlits with high capsaicingid content. Therefore, this study was

analyzed in the inheritanceof few-pungent trait in chili pepper ‘S3212’ (C. 夕utescens) ・

The segregation of capsaicinoid contents in m interspecific hybrid of chili pepper (C・

夕utescensxC. chinense) wasdescribed. lsolocustestbetweenthefew-pungentlocusand

C locus controlling caplsaicinoid production was clarried out uslingl a∧cleaved amplified

polymorphic sequence (CAPS) marker SCY-800 11hked to the C locus. hl additio芦 ,

conflrmlation of a singlle gene contrlolled fblw-punglentltrlait is diffelrent nサom c ge庇 and

investigationof somemechanism concemsWiththe佃w-pungentgene, theidentmcationof

markerslinked tothegenecontrolsfew-puligenttrait in thesechili pepperswasdescribed

by using theRA PD technique in combinatk)n with a bulked segregation analysis (BSA)

(Michelmored㎡・, 1991). Moreover, gqneticanalysisofmolecularmarkerli皿edclosely

moretotheげ 10cusfolrthefelw-pungencywasobservedu:singRAPD andCAPSmarker・

Furthermorel, usinlg of SSR marker concgming with SSR-based linkage map was also

reported. 0 f all markersusedin thisstudy, molecularmappingof theげ locusR)r thefbw-

2



pungencyinchili pepper (C. 夕utescensxC. chinense) wasconst陽cted. ltwill beuseful

startingpointsformarkerldevelopmentlinbreedinlgprograms。

Thelinfolrmlationof gj angj andchili pepper inlthepresentstuldywill bebeneficial

to genetic improvement through breeding for development of the new breeding lines in

galangal andchili pepper血rther. 犬∧ ダ
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犬 二 :E x p e r i m e n t l

( ; eneticRelationshipofGaXn 11,a1μlpiniagalangaWilld.) inThailandby

△ 二 R A P D A n a ly si s ¥ ∧

ChapterII し T

GeneticandBreeding Studieson FunctionaI Componentsof Galangal

4

1. 1. 1ntroduction コ 十

Zingiberaceaeisalargef鉦 lily 叩 d includesmany econonlically imponantspecies.

Therefolrel, there十arel lots of stuldies on genetic diversiltyl anld phylogeny inl Family

Zinlgiberaceae(Sirilrugsa, 1998; Kr|esserlα/・, 2002; Nlgamrilabsakul iltal・, 2004) andGenus

AIPinia (Kressetal・,1992; Rangsiruji erα/・,2000; SaensQuketal・,2003) usingmolecular

techniquesdueto thedimculty of phylogenetic study !)ased on morphological characters

(Sirirugsa, 1998)。 - し っ

ÅIPinia galanga W illd・, one of the meinbers in Zingiberaceae 伍mily, is

commonly knoWn as galanga, galangal or greater galangale 皿d also known Eis Kha in

Thailand. Galangal isi an imponant aromatic plant and widely cultivated in Thailand as

well asin EastBenga1, South hidiaand SoutheastAsia (Rangsiru11etal.・, 2000; Matsuda

et al、, 1 003b) ・ ¥ ニ ノ

Thearomaticrhizomeof galangal isusedasacondimentor spicefbrmany dishes

andlalso as an ingredient in traditional medicine (Dastur, 1962; Umaro eX㎡・, 1983;

M atsuda er α/・, 2003b; Khattak et al・, 2005) . The one of principal ingredients is l’-

acetoxychavicol acetate(ACA) ingalangal rhizome. Somestudiesongalangal revealedthe

activitiesof ACA in anti-tumor (Qureshi et al・, 1992; Kondo etal。 1993; M o仇 ttet al・,

2000; M ur尽kami er ㎡・, 2000; Zheng, et al・, 2002) , anti-oxidants (Kubota 収 ㎡・, 2001;



JuntachoteandBerghofbr, 2005) , anti-inflammatory (Nakamuraerα/・, 1998) , anti-allergic

(Matsudad㎡・, 2003a), anti-gastriculcer(MatsUdadα/・, 2003b) andanti-nmga1(Janssen

and jScheffbr, 1985; ltokawa d ㎡・, 1987; Haraguchi et al,・, 1996; Jariyanusom, 2002;

FickereM /. , 2003; Khattakぶ 応 2005) ・

Galanga卜is asexually propagated using rhizomes, as in the conventional

cultivation. Farmersgrow galanga11飢drlacesandselect/rhizomes〉withgood¥yie!dandtalste

fornextcultivationbythemselves. Badtasterhizomesareneglected inthehome-gardenor

forestaswild. Thereisnodevelopedcultivar inThailandaswell asinothercountries・

As described above, studieS on such ingredient of galangal had been reported,

however, therewas little infotmatioil about geneticrelationship of galangal available for

systematicbre6ding. Therefore, theobjectivegf thepresent study istg investigategenetic

relationship of galangals c011ectqd fi‘om di雨 rent regions in Thailand by clustgr analysis

based on RAPDs. ln addition, ACA content, 0negf the imponant charactersof gal皿gal.

■ - - /

was invlesヤtigated in relation to geneticrelationship amlong accessions in Thailand ǹlom

standpoihtofbreedingofhi油 ACA contentcultivar. 丿 ‥ /

1.2. 1Vlaterialsand lVlethods イ 犬

1.2. 1. Plantmaterials 犬 ¥

十 Thirty-seven accessionsof galahgal werecollectedn’om Northem, Cehtra1, Eastem

皿dNortheastem regionsof Thailand (Table l¬1) . Theaccessionswereclassified intothe

cultivated type 30 accessions 皿d the wild type フレaccessions. For cultivated type, the

ゝ ■ ■

galangal wasgrownasacropR)r selling oreating by farmers. ThewildOneswerenotused

as spice because of their bad taste and were neglected in thehome-garden or forest.

Gj anlgals were grlow芦 and examined grlowth characters in thel Farm of Chiangl M aiビ

¥ University, ChiangMai, Th411and. 十 卜 上

5



Tablel-1. Accessionsof galangal collectedfrom di箆 rgntregionsinThailandandtheir

rhizomecharacters

ACA *
District*1Accession Local name

1.7

0.0

1.9

3.8

1.7

1.5

0.0

2.5

0.0

3.2

4.2

5.4

5.0

7.5

4.7

5.4

4.0

4.6

3.0

5.2

4. 1

4.4

2. 1

2. 1

0.0

2.9

6. 1

4.0

6.4

N

N

N

N

N

N

N

N

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

C

E

E

E

1

2

3

4

5

6

7

8

9

0

1

2

3

4

5

6

7

8

9

0

1

2

3

4

5

6

7

8

9

0

1

1

1

1

1

1

1

1

1

1

2

2

2

2

2

2

2

2

2

2

3

KhaDang

K。haDang

KhaDang

KhaDang卜

KhaYuek

KhaYuek

KhaYuek

KhaYuek

KhaTadang/

Kha

KhaDang

KhaTadang

Kha

KhaKaw 犬

Kha

KhaDang

KhaTadang

KhaNor

KhaTadang

KhaTadang

KhaDang 卜

KhaDang

KhaYuek

KhaYuek

KhaYai

KhaYai

KhaLua,ng

KhaNoldang

Kha

N

N

N

C

C

E

M

0.0

0.0

0.0

1.5

0.0

5. 1

2 R h izom e

Cult Red M

Cult Red M

Cult Red M
・ ・ k

Cult つ Red M

Cult M411te ▽ L

Cult AVhite ¥ L

Cult M411te M

Cult W hite M

Cult 二 Red L

Cult Red L ∧

Cult Red M

Cult Red M

二Cult Red M 丿 、

Cult Red M

Cult Red M

Cult Red M

Cult Red こ M 犬

Cult / Red M

Cult Red M

Cult Red M

Cult Red M

Cult Red M

Cult M411te L

Cult M411te L

Cult Myhite L

Cult M411te L

Cult lVhite S

Cult▽ Red ` L

Cult Red M

Cult Red M

IVild Red M

XVild 十 Red S

M戸ild Yellow 卜 M

Mald /Red M

机̀ ld Yellow M

XVild Myhite 十 L

Myild Red M ¥

W 4

W 5

W 6

W 7

W I KhaPar

KhaSaku

KhaLeang

KhaLing

KhaLeang

KhaKut

*I R efbr to F ig . 1 -2 . N : N orthem , C : ( j entral , E : E astem , でr̀ !ヽ e : 1̀40 1Ttheastem

*2 C ult: C u ltiv ated typ e, W ild : W ild typ e 二 犬 ¥ 二 っ

*?Diamet& ofrhizome: S< 2cm≦M <¥4cm≦L 二
*4 A C A : 1 ’- acetox ych av icol acetEite .・ ・ . ・ .・・ . ・・ . ・

6



1.2.2. DNA extraction and RAPD analysis

DNA wasextractud from young leavesof each accession using theSDS extraction

i)rocedure(Kuntapanom andlkeda, 1998). ForRAPD analysis, 10-merrandomprimers

(OperonTechnlollogies) werelusedtodetelctp01ymlorphisms3j”Ionlglgj angalaccessions・

The total V01ume of each PCR was 20 μL consisting of lx reaction buffbr

(QIAGEN), 2 mM MgC12j 150 μM dNTPs, 40 ng of each primer, 1 X3 Taq DNA

polymlerase(QIAGEN), and30 ng tem皿lteDNA. PCR wascarriedoutinathermal

cycler: GeneAmp PCR system (M J Research, PTC 100) . The PCR condition was as

f0110ws. Firststep: 2 cyclesof ! minat93°C, l minat34°C, 2 minat72°C and2 cyclesof

l mih at93°C, l min at 3φ゚C, 2 min at 72°C. Second step: 36 cyclesof l min at 93°C, 1

minat37°C, 2 minat72°C. Final step: 5 minat72°C andh01ding indennitelyat4 °C. The

■ ■ x

PCR productswereseparatedby 2% agarosegel with TAE buffbr. Ge臨werestainedwiTth

ethidium bromide. RAPD b叩dsweremanuallyscored l forpresenceorOf1)rabsence. The
● I. .

` ● .

datamlatriceswere皿alyzed¥bythesimilaritylfolr qualitativedatal(SIM QUAL) program of

NTSYS-pc Version l .8, and similarities between accessions were estimated using the

Jaccard’s Coemcielnt. A dendrlogrlam was constructed usingl the unweighted pair÷grloup

method with arithmetic mean (UPGMA) method. Correlations between the genetic and

geographicmatriceswereassessedusingM ante1’steSt(M antelj 967) .

1.2.3. ACA quantitativeanalysis づ

Quantitative皿alysisQf ACA wascarriedoutby Thin Layet Chromatography

(TLC) method(Jariyanusom, 2002). Thelsampleswerelextractedfìlomrhizomeofeach

galangal accessionsharvested in the Farm of Chiang M ai University. The data 6f ACA

contentwassulljectgd to analysis t)f vari血 cewith a leveh )f signiflcanceof 0 .0 ! .

7



1.3. ResultsandDiscussion

Outof 22 RAPD primersusedinthisstudy, eightprimers(OPA20, 0 PB18, 0 PC09,

0 PD02, 0 PD11, 0 PG13, 0 PK 12 andOPAX 17) amplified 73 polymorphicRAPD bands.

A dendrlog am cohlstrulctedby UPGM A methodusing RAPD dataclusteredtheaccessions

into 5 m亦 )r groups (Fig. 1-1) . The largest clustern consisted of 17 accessiohs. The

second largecluster l consistedof 13 accessions. Thet)therthjreeclustersconsistedof tWo
- ・

orthreeEiccessions. 十 ゛

Although galan餅 l isclassified by color o「 sizeof rhizome, therewasno relation

between thecluster 血d morphok)gical charactersin color or sizeof rhizome (Table 1-1,

Fig, 1-1) . Therewasalsono relation with thetypeof gal叩 ga1. 0 n the6ther hand, ㎡司o「

cluster hald relationswith their collection sites. A sR)|r lthedendrlogrlam, 1arlgecluster l and

H groupedaccessionstogetherbytheirqollectionsite皿dACA contehts.

According to collection sitesof galangal, twoof fivem司or clusterscorresponded

tothreeregionsof Thailandwiththeexceptionof someaccessions. Cluster n included 13

accessionscollected from central, l accession from northem and 3 accessions丘om eastem

district. By here, districtj s administrative division and collection sites of 3 eastem

accessionsaregeographically near to theborder of central and easteril district (Fig. 1-2) .

These accessions (28, 29 皿d w6) clustered with central accessions. Also, cluster l

included g and 4 accessions fîom northem and central district, respectively. These 4

accessionswerecollected from thevillagesnear tothenorthem bordQr of central district.

Hencej tisassumedthatcluster卜atldyH correspondwithgeograptlical diStributionof

accessions. Thisassumption issupportedWittl c(jrrelatigncoemci臨t (r j 0.25, p < 0.001)

between the RAPD and geographiC dist鉦ce matricei by M antePs test (M ante1, 1967) .

Sugiyamad㎡. (2006) suggestedthatthepresenceofregionalclustdngbasedon AFLP

8



H

I

Ⅲ

Ⅳ

V
15:CRM I

30:ERM I ]

1 . 00こ90 . 4 0 . 5 O18

Fig. 1-1. UPGMA dendrogram of 37 galangal accessions丘om Thailandbased (jli RAPD

data. AbbreviationstaggQdonaccessionrepresentdistrict (N : Northem, C:

Cgntra1, E : Eastem, Ne: Northeastem) , skincolor (R : red, M戸: M戸hite, Y : Yellow) ,

sizeof rhizome(S < 2 cm ≦M ダ4 dm ≦L) and ACA content (D = O% < F <

2.5% ≦I < 5jO% ≦H). 二

9
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Cluster No. in Fig. 1-2

■: I (Cnltiviltedtype)

口: I (Wildtype) し

●: n (Cultivated印pe)

○: H (Wildtyi)e)

★: Ⅲ (Cultivatedtyt)e)

▲: Ⅳ (Cultivatedtype)

△: Ⅳ (WIldtype)

×: V (Cultivatedtype)

Fig. 1-2. TherelationshipsbetweencollectignsitQsandclusteringofgalangal

accessionsinThailand.
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markers in elephant R)ot yam (メmorphophallus paeon可ol叫 ) of Java, a vegetlative
。/ - ’ 。

/ /

propagation speciessameasgj anga1・

AsforACA content, 37 galangal accessionsshowd awidevariation ranging 丘om

the highest (7.5 % w/dw) for accession 14 to the lowest (O % w/dw) for eight accessions

(Tablel-1) . MostofhighACA contentaccessionsclusteredtogetherinclustern/suchas

accession 14, 16, 27 and 29. TheaccesSionsin cluster l had ACA qontentssignincantly

lower than ones in clustern (pl < 0.01) . Furthermore, ACA non-detectable (0% w/dw)

accessions, wl and 2, 25 and g clustered together (Fig. 1’1) . This indicates that
■ ” = =1 1 .

p01ymorphic RAPD bands related with ACA content may exiSt in amplifie(! 73

p01ymorplhicRA PD b鉦 dsused 公:)|r dendrogram construlction. 毎 毎cltl,lsomeRAPD b鉦ds,

probably linked to ACA content wereobserved as fk)110ws: the450 bp (OPB18) , 800 bp

(OPC09), and450 bpand550 bp(OPAX17) h gmentswerespecificinthehighACA

accessions(Fig. 1-3). While, 800 bp (OPK12) fragmentwaspresent inthelow ACA

accessions. Thesefragmentsmay bとpotd tia1RA PD mおkersfbr sclTeehing ACA content

and wil! beavailable in marker-assisted Seledtion (MAS) of high ACA content galangal

breeding・

W ild type accessions did not make 血 independent cluSter. Fo旨 of seven wild

accessions (w2, w4, w5 and w6) grouped together in clustern犬, but theother wild

accessions spread over cluster l and IV (Fig. 1-1) . This result illustratesthat cultivated

type a(;cessiotls had been selected by farmers fi゙om wild type accessions, and th叫 wild

accessionsareuse血I sourceof geneticvari叫ion. For example, wild typeaccessions (w6

andw7) having highACA contentareavailableasbreedingmaterialsfk)r highACA

content cultivar. ‥ ノ ー 尚 ’

11
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Fig』 -3. Somespecincband linkedtoACA contentin galangal using RAPD primer

OPAχ17. Numberof accessionre応rstoTable l-1。

(M: 100bpDNA StepLaddersizemarker.)
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Therefbre, the genetic/relationship of galangal collected in different areas of

Thailand wasobserved. lt isnoteworthy thatthe clustering of galangal wasrelated to the

collection siteiheachgalangal concemingwithACA content. RAPD markerswereusedto

detect geneticrelationShipsin galanga1飢dprovideausefill meansof di伍1renti;E11genetic

structutesw ithiln galanlga1. Thelhighlly infolrmativeprimers identm ed in this stuldy could be

availableforgeneticsandbreeding ingal面 ga1血rther. 白

う

1.4. Abstract 犬犬 ∇ ‥

Thegeneticrelationship of galanga1 (j IPinia g㎡anga W illd.μ ccessionscollected

from Northem, Centra1, Eastem, andNortheastem districtsof Th411andwasinvestigatedby

cluster analysis based on random amplined polymlorphic DNAs (RAPD) . ln addition,

RAPD marker linked to F - acetoxychavicol acetate (ACA) content, one of the most

importantcharactersof galangal, wasexploredwith aview tobreedinghigh ACA content

cultivar. Eight 10-mer r皿dom primers amplified 73 polymorphic RAPD bands and a

J d e n d r o 欧 a m c o n s t r u c t e d b y U P G M A m e t h o d c l u s t e r 叫 3 0 c u l t i v a t e d 皿 d 7 w i l d a c c e s s i o n s

into 5 m4jor clusters. Large(;1uster l and H correspondedwith geographical distribution

and ACA content. The cluster l and cluster n mainly consisted of accessions ǹom

Northem andCentral district, respectively. Alth(?ugh awidevariation of ACA content (O-

7.5 % w/dw) wasobserved, mostof high,ACA contentaccessionsclusteredtogether in

cluster H and accessionsin cluster l had signinc面tly lowerACA contentsthan onesin

cluster H . Four RA PD b皿ds specific in thehigh ACA accessiolis were found: 450 bp

(OPB18), 800 bp (OPC09), and450 bp and 550 bp (O!)AX17)LThese恥g平entsare

potential DNA markers fk)r screening high ACA content accQssions. W ild accessions:did

not make an independent cluster 叩 d spread over 3 clusters with a w ide variation of A CA

̃

㎜㎜ - - .13



content sameascultivated ones. W ild accessionshaving high A CA content areavailable as

breedingmaterialsforhighACA contentcultivar.

14



二Experiment2

1nheritanceof Few-pungentTrait in Chili Pepper ‘S3212’ (CapsicumJrutescens)

Chapter Ⅲ

GeneticandBI‘eeding Studieson FunctionaI Componentsof Chili Pepper

2. 1. 1ntroduction

Capsaicinoids are strongly pungent alkaloids that accumulate in the placenta of

- ■ ■

chili pepper (Capsicum spp.) 如 its(Fujiwakeetal. , 19R Suzuki m 7/. , 1980) . ln genera1,

dhili peppershavetwo typesfor pungency. 0 ne ispungent chili pepper thatc皿 produce

capsaicinoids, and another isnon-punlgentchili pepper witha complete¥1ack of pungency

(MinamiyamE心以, 2005).

゛ Somestuldieson non-pungelntchili peppershavebeen〕carriedoutandrevしlaledthat

capsaicinoid production iscontr(1)11ed by a single genecalled C geneat theC tocus. The

dominantalleleC attheC locusisessential 丘)r capsaicinoidpr(jduction. Theh(jmozygous

recessive condition, cc, results in a complete lack gf ability tolsynthesize capsaicinoids

(Blumetal.ユ002; Daskalov鉦dPoulos√1994) 皿dthisrecessivecgenelisfolundonlyin

C. annuum. To date, theC locリshasbeen mapped on chromosome2 (peshpande, 1935;

Greenleaf; 1952; BeU-ChaimeM/. , 2001; Blumen /. , 2002) . ………

lnpungentchili pepperswith theC gene, considerablevariation ofpUngency exists

duetotheircapsaicinoidcontents. Sincesomechili peppercultivarssuchaS‘ManganjP or

‘Shishitou’ with the C gene show very low capsaicinoid .contents, they are trei :ed as

vegetables, whilehighpungentcultivarssuchas‘Takanotsume’areusedasspices.

15
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Hereby, じhili peppers: that have dominanl C gene hadj he wide range of

capsaicinoid variability n゙om the chili pepper treated aSvegetable for 10w capsaicinoid

contentsto spice for high capsaicinoid contents。

Asdescribed 油ove, 皿 psaicinoid production isc6ntrolled by a singledomin皿 t C

gene, but capsaicinoid content is a qu皿titatively inherited trait (Zewdie and Bosland,

2000a, 2000b) controlledbypolygeneinquantitativetraitlocus(QTL) . j

Several studieshavefocusedonthispungenttrait. Blum etal、(2003) foundamajor

`QTL folrcapsaicinoidcontentl,ltermedcap, onchromosome7. Ben÷Chaimd砿 (2006) also

reportedthatsix QTLsonthreechromosomescontrolledcapsaicinoidco皿entinCap糾cum。

Chili pepper with low or no犬capsaicinoid content havebeen observed ohly in C・

annuu抒1, while in C。夕叫escenso only highly pungent¥cultivars are known such as

‘Phrikkhiinuu’ in Thailand or ‘Shima-tougaraShi’ in J叫)an. There is no report on n6n-

pungent uhili pepper in this species; however, ‘S3212≒ an accession belonging to C・

夕utescens, showeldvery low capsaicinoidco趾elnts, namely fblw-pungencly inthefrulits

(Matsushimtetal。 2004; Konishoetal., 2005a). Thisfelw-pungenttraitisnovel and

uniqueto `S3212’ inC。夕utescens. 二

Therefore, the objective of this study is to analyze the inheritance of th6 few-

pungent trlait in C. 夕utescens4At lfilrsltl, segregation of capsaicinoid contelntswasobserved

in populations derived 丘om an interspecinc hybrid between ‘S3212’ and ‘S3010≒ a

pungent accession oI C. chinense. Then, an isolocus test between the few-pリngent geile

locuswiththeC locus, asinglem司or genelocuscontrolling capsaidinoidproduction, was

carried outusing acleaved amplified polymorphicseqtlence (CAPS) markelサ. ln addition,

random amplmed polym6rphic DNA (RAPD) marker linked to the few-pungent trait in

thesechili pepperswasexploredbybulkeds6gregantanaly糾s(M ichelmoreen /・, 1991) 。

16
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2.2. 1Vlaterialsand 5ylethods

2.2. 1. Plantmaterials

Thematerialsused inthisstudy yereaveryhighpungentaccessionof C. 廟 加四認

‘S3010’ (PI), afew-pungentaccessionofC泄z庇gay S3212’ (P2), FI (P2×r1), F2(P2×

P1) andBCls(BCPl andBCP2) (Tablし 1). Bothparentswerediploidspecies. A11seeds

produced by hand pollination with bagging were soyvl! and seedlingswere grown under

field conditions in 2005 1n an experimental field of the Faculty of AgricultUre, Shinshu

University(Minamiminowa, Nagano, Japan). し

ln addition, 6 chili pepper lines; ‘Ace’ (C. ann11um) , j VQnderbe1P (C. annuum) ,

4Takanotsume’ (C. annuum)√4T-P Phrikkhiinuu (C. 夕utescens), ‘IVhitehabanero゙ (C.

chinense), and‘Rocoto’ ((l pubescens) wereexaminedforPCRpolymorphismofCAPS

markercomparativelywithpreviousstudy (M inamiyamaeX㎡・, 2005) .

2。2.2. Capsaicinoid contentmeasurement

For quantincation of capsaicinoid content, 5 to 22 丘uitsfrom each individual plant

wereharvestedwhenhalf ofeaghfhlithadtumedtored丘om September 19 toOctober6,
㎜ ■ ■ぜ

2005. Clapsaicinoid content was measured as the total amount of capsaicin,

dihydrocapsaicin, andnordihydrocapsaicinusing highperfohnanceliquidchjromatography

(HPLC) accordingtoMinami etal、(1998). Themeasuringcondmonsareindicatedin

Table2-1. 卜

17

2。2.3. DNA extraction

Total DNA was extracted ǹom young leavesusing an AutomaticNucleic Acids

Extractor(CompacBioMX-16, (70MPACBIOSCIENCES, Japan)・ /で



Analyzedsystem

Column ¥

Guardcolumn

Mobilephase

Samplesolution

Flow rate

Temperature

UV detector

Table2-1. HPLC analysis(M㎞ami m 7/・, 1998) .

18

ShimadzuclassVP

YM C-Pack ODS-A , S-5 μm, 12 nm√75×4.6mm

YMC-GuardpackODS-A, S-5μm√12nm, 10×4.0mm

Methano1 : H20 = 6 : 4 (v : v)

5 μ1 y

ml・min’1 ■ ■■ ㎜ ■

40 0c ,

280 nm 卜



2.2.4. CAPS analysis 二

十 CA PS analyses w ere cj rried out according to M inamiyama 政 ㎡。 ( 2005) . Two

specinc priiners, a forward primer of 24 bp SCY-800FべV, 5″-CCATGGATT

GTTGCTCGGGCCTCC-y , and a reverse priiner of 23 bp SCY-800RV , y-CCGTA

CCGCCCCATTGCGATTCC-3’, were used in parent lines, F2 population and 6 chili

ご p e p p e r n n e s . A m lp l i n lc a t i o n s w e r e p e r f o lr m e d u s i n g l a < s t a n d a r d P C R r e a c t i o n . T h e P C R

/ reaction mixtuJ̀e consisted of 12 ng genomic DNA , 0.21 μM of each primer, lx PCR

bu函r (TakaraBiQ, Japan), 200 μM eachof dNTPsand 0.5 unitso1耳)cTaql゙ DNA

po万1ymlerase(TakaraBio, JTapan) inlatotal reactionvolumeof 12 μIL. PCR amplifications

werqlperf(jrmed inaBIO-RAD i Cycler (BIO-RAD, 砲p皿 ) withthefblllowing conditions:

initia1 3 min pre-denatujration at 94°C, 30 cycles of l min denaturation at 94°C, 2 min

annealinlg at 65°C and 2 min extelrision at 72°C, anda fina1。extension folr 5 min at 72°C・

Theamplined丘agmentsweredigestedin afinal volumeof 14 μL thatcohtained 12 μL of

thePCR reactionand l unitof restrictione!ldonuclease(m oI) . Thedigestswereresolved

by electrophorelsis in 13% acrylamide gel anld visualized on a UV 廿ansilluminator aner

stainingwith6thidium bromide. ¥

2。2.5. RAPD analysis 卜 ∧

DNA samples ǹlom seven pungent and seven felw-pungent F211ndividuals were

pooled respectively and used as a template f1)r detecting RAPD in bulked segregant

analysis(MichelmoRetal.j 991)・ ▽
}

PCR was carried out using a 12 μL volume containing 0.5 units of Taq DNA

polymerase(TakaraBio, Japan), ! xbuffer(TakaraBio, Jap皿), 200μM eachofdNTPs,

0.42 μM arbitraryprimer, and 12 ng genomicDNA . Twohundred血 deighty-eight 10-mer

arbitraryprimers(OperonTechnologies,七 SA) Wereuse4 toscreentheamplmedproducts.

¥ 19



DNA amplificationswerep㎡ brmed using a BIO-RAD i Cycler (BIO-RAD , Japan) with

thefollowing conditions: onestep of 3 min at 94 °C, then 40 cyclesof l min at 94 °C, 2

minlat140 °C, 2 minlat72 0C, andafinal stepof 5 minat72 °C. Theamplincationproducts

were resolved by electrophoresis in 1.7% agarose gel and visualized on a UV

transilluminatorafterstainingwithethidium broinide. 尚

2.3. ResultsandDiscussion ∧

2.3. 1. Capsaicinoid contgntsand segregation of pungen昨 犬 二

C 廟|加lel心el ‘S3010’ (P11) which was a pungent chili pepper had the range of

capsaicinoid contentsfiom thehighest 52,992 μg‘g’1DW to the10west 33,001 μg g゙’1DW .

The aver昭e was 44,581 μg°g’1DW . C 夕utescens ‘S3212’ (P2) showed their range 6f

capsaicinoid contents丘om thehigheStto loWest in 14 t6 0 μg・g’1DW . Theaveragewas5
バ ー -

μg’gslDW . There are no plantsjthat were夕omplete lack of capsaicinoid, except for one

individua1. 二 ¥

ln theFlpopulatioh, thehighest capsaiciiloid contentwas5, 863 μg°g’IDW and the

lowestwas41 20 μg’g’IDW . Theaveragewas4,967 μg’g’1DW thatthey hadbeen closely

to fbw -pungent ‘S32 12 ’ (P2) . 卜

ln the F2 population, 134 plants were measured for capsaiCinoid contents. For

capsaicinoid contents, F2population distributQd closer to fbw-pungentparent ‘S3212’ (P2)

than topungentpargnt ‘S3010’ (P1) with awiderangen‘om thehighest210,547 μg・g’IDW

to the lowest 5 μg・g’ID W (Fig. 2-1A ) . A nd there was ho plant that h d co男plete non-

pungency. ThisF2population separated intotwlo group§lby thecapsaicinoidcontents. 0 nel

wasthefelw-pungentgroup (capsaicinoidcontentislessth皿 100 μlg・gTIDW ) andanother
↓ ・ .

wasthepungentgroup(c4psaicinoidcohtentismorethaniOりμg・g’1DW) . Therangeofthe

pungentgroupwas l ,963 t9 20,547 μg’g’IDW , whilethefew-pungentgroupw卵 5 to 77

20
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μg・g’IDW (Fig. 2-IB). ltshowedtheblankbetweenthepungentandfew-pungentgroup

clearly。

ln backcross populations, a11 BCPl plants were pungent, ranging from 4,211 to

36,576μg・g’1DW (Fig. 2-2A), whiletheBCP2populationseparatedinto2cleargroups: a

pungent group ( 1,00りlto 2,974/μlg・g I゙D蜀 , and a felw-pungent grloup ( 13 to 45 μlg・gTIDW ) .

lt showedtheblank betweenthepungentandfbw-pungentgroup clearly (Fig. 2-2B) 。

According to chi-square tests√segregation ratio of two groups in the BCP2

popuk ion fitted significantly to theexpected l : 1 ratio ( Z≒ 2.778, Q. 10 > ? > (j:05,

Table2-2) while, theF2populationdidnotconfomitotheexpectedヒ3・: 1‘ratio( χ≒ 5.264。
・ t

0.05 > ? > O.01, Table2-2) . However, ther6sultsindicatethatfew-pungency iscontrolled

by a singlerecessive genQ. Thedeviation 丘om theexpected segregation ratio 3: 1 at ? 二

0.05 1nthelF2populationmightbecausedby environmelntal efTelcts (Harve11皿dBos1皿d,

1997; Zewdieand Bosland, 2000b) or thee箆 ct of minor genes (Ben-Chaim en j ・, 2006;

Blum d ㎡・, 2003) . ln 4dditions, with respecttother.esultof Fl or F̀2populationsthatthey

had been closely to the felw’pungent ‘S3212’ (P2) j tmaybecaulsed ヒnヶom thelotherminor

geneswhichhaVeregulatedtodontrolthehighcontentsofpu贈ency丘om‘S3010’(PI)

wereinhibitedornoexpressioninthesepopulatioUs。

Owing totherewasno individual thathad completelack of capsaicinoid, thegene づ

contrlolsfelw-pungenttraitisdifTelrentǹlom cgenethlatcontrolscompletellack ofpungency

in C. annuum. Therefore, wedesignated therecessivegenecontrolling fewTpungency as

theげgeneinthisstudy. 十
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Goodnessof fit

χ2

Numberofp1皿ts

ク

Table2-2. T!lesegregationofcapsai(;inoidcontentsinthepopulationsof C 夕zjX6 cms’

。 ‘S3212’(P2) xC. chinense‘S3010’¥(PI)。

?> 100

_ -1T、

RatioPopulation < 100

_ _ - I T 、

Q

ln

rn

1

0

4

0

1

7

Q
y

O
ノ

j̀

cn

oo

cn

csl

1 : 3

13

0

0P

P

F

F 5.26

1 : 1 0. 10-0.05

24

0.05-0.01

BCPI

BCP2 2.78



2.3.3. lsolocllstestbetweenげ locusand C locususingCAPSmark9「

The C locus on chromosome 2 1s knoWn as the only locus qualitatively

χ - ・ - . ・

controlling capsaicinoid production and a recesSive c genehasbeen reported only in C

annuunl. Thereforej nthepresentstudy, anisolocustestbetweenげ10cusandClocuswas

carriedoutlusinglCAPStnlarkerSCY-800 nnkedtotheC locus(M linamiyamH n /・, 2005) .

2。3.2. DNA extraction

Anlexampleof extractedDNA usinlg AutomaticNucleicAcidsExtrlactor

(CompacBioMX-16, COMPACBIOSCIENCES, Japan) waspresentedinFig. 2-3.

25

2。3.3. 1. Evaluation of CAPS pattern in parent lines of an interspecific hybrid

(C. JrutescensxC. chinense) 十

To evaluatewhether theCAPS pattemsared田ヲerent in each parent lines, a CAPS

marker wasexgmined. The CAPS pattemshave to bediffbrent between P1 (C. chinense

‘S3030’) a171dP2(C。夕utescenぐ S3212) thatwouldbeavailableforsegregationanalysisin

F21population. ln addition, 6 chili pepper lines also were examinled folr pattelm of CAPS

mark6rcomparativelywithpreviousstudy (M inamiyamaerα/・, 2005) ・

¥ U sing this CA PS m arker, a common single n a゙gm ent of 800 bp, deμgnated SC Y -

800 was amplified frlom genomic DNA of each line and polymorphic relstriction sites

withinlthelamplifiedfi‘lagmentwereidentmedbydigestionwith∧MbOI。

Asa result, thedigestion of h gment SCY -800 fiom 6 chili pepper linesbym ol

ghowed the difTerent pattem in each species (Tab1む 2-3, Fig. 2-4) . Thyee lines of C.

ann uuIl I show ed in 4 n àgm ents, 1 3 5 , 1 7 0 , 2 3 0 , and 2 4 0 bp , as in C A P S pattem ‘A ’ . C ・

升utescensshowedthreefragments, 175, 240, and350bp, asinCAPSpattem‘EValsoC・

廟 加・E7?,s’Egavethreen‘agments, 155, 230, 鉦 d300 bp, asinCAPSpattem ‘D ’。



M I M 2 M 3

Fig. 2-3. Anexampleof extractedDNA of F2populationusingAutomaticNucleicAcids

Extractor(CompacBioMX-16, COMPACBIOSCIENCESj apan) .

M : DNA QuantitativeStandardmarker (M 1; M 2; M 3: DNA concentration

160 ng; 80 ng; 40 ng, respectively) .
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Table2-3. PungencytraitsandCAPSpattemsamong 8 chili pepperlinesof C・叩吋凶謂 spp

..・丿 j

ノ

/

7

Lines Pungency CAPSpattemszSpecies

A

A

C. annm4m

C. annuum

C. annuum白

C、夕utescens

C.Jrutescens

C. chinense.・

C. chinense

Non-pungent

Non-pUngent

PUngent

Few-pungent

Pungent

Pungent

Pungent

Ace

M戸onderbe11

Takanotsume

S3212

T-1 Phrikkhiinuu

S3010

M411tehabanero

Rocoto

D

E

D

A

E

zThesamelettershowsthatltheCAPSpattem isthesameけ:isnotamplified.

27



F2(Pungent)

M

F2(Few-pungent)
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Fig. 2-4. SegregationofcodominantCAPSmarkerlinkedtotheC locus. PCR with

specificprimerswasfollowedbyrestrictionwithMbOI・

M : molecular-weightmarker (②X -174 digestedwithHad II ) .
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They showed completely difl rentpattem in each species. A110f chili pepper linesin this

stuldy showedthe〕sameresultwith thepreviousstuldy asdescribedby M ing ”lyamaetal,・

(2005). Althoulghl, theSCY-800h gmlentwasnotampli恥dinaheofC 7?功a万censthM<

this relsult mlay be also similar tolC 油 |αlcθlel心e in that prelvious stuldy,j t confirmed the

SCY侈00 CAPSpattem wasclearandavailableforthisstudy. ThisCAPSmarkerwas

linkedtotheC locusforpungency inCaPsicum. ¥

For theparent lines in this study, S3212 (C. 夕utescens) and S3010 (C. chinense)

also showedtheCAPS pattem of each speciesin ‘E’ and ‘D≒rqspectively (Table2-3, Fig・

2-4). TheseparentlinesshoweddifferentCAPSpattemscleariy. So, thiSSCY-800CAPS

marker wasavailableto investigatesegregation of theCAPS pattem linked to theC gene

inF2population. / ニ ニ

2.3.3.2. Analysisof theC genelinked topungency usingCAPSmarker

To inveStigate whether the segregated inhetitance of C gene is appropriate in F2

population, a CAPS marker wasexamined. The specmcprimer pair amplined acommon

丘agment of 800 bp in both parents. A polylilorphicrestriction sitewithin theamplified

region was identified by digestion with MbOI . The digestion of the SCY-800 ǹagment 卜

ǹom ‘S3212’byMbOl showedinCAPSpattem ‘E≒皿d↑S3010≒show6dinCAPSpattem

‘D ’. ln F2populationj t showed CAPS pattemsof either the ‘S3212’ type ‘E’ or ‘S3010’

, type ‘D ’. And somepl皿 tswereheterozygousthatthQy wereshowed in both types ‘D十IE7

(Fig. 2-4)・

Segregation of theCAPS pattem fittedwell to市eexpectedD : D十E : E = 1 : 2 : 1

r叫io(35 : 67 : 32, Z2二0.13, P= 0.94) because(二戸z心yc凹sandC. chinensel.hadclose ■■
■ ㎜

relation(Konishoer㎡・, 2005b) evenifthey恥10ngtodifferentspecies. So,jthissegregated

j nheritanceof C geneisappropriateinF2population.
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Analysis of relation between fbw-pungency linked to げ Iocusand CAPS pattem

linkedtoC 10cusinF21ndividua1sj tshowedthattheCAPS pattemswerenotrelatedwith

thefew-pungency inthesechili peppers. lf げ 10cusandC 10cusareisolocus, F21ndividuals

with CAPS pattem ‘E’ are few-pungent and individuals withlpattem ‘D’ or ‘D十E ’ are

punlge耽 but血erewasnorellationshipbetwleenfelwサpungencyandCAPSpattlem inthelF2

population(Fig. 2-5) . ltshowedtherecoinbinationfrequencyin42.0% (Table2-4)・. This

resultillustratesthatげ locusisdiffbrentfrom C locus.

2。3.4. 1dentincation of RAPD markers linked to げ locus in an interspecinc hybrid

(C. ji・ulescensχC. chinense) 十 犬 十 十

To find RAPD markerslinke(! topuylgency, trait asthealleleof few-pu贈 ency 丘)「

げlocus, bulkedsegregantanalysiswasconductedintheF2populationusing288RAPD

primers. Asaresult, thミreebandsxverespecif16ally amplmedinpungentparent ‘S3010’and

the pungent bulk. The first band was a 350 bp h gmlem amplified by the¥OPD03 ( 5’-

GTCGCCGTCA-3’) ptimer. Thesecondbandwasa400 bph gment叩1plifiedbythe

OPD11 (5’-AGCGCCATTG-3’) primer. The third band was an 1100 bp fragment

amplified by the OPQ09 (5’-GGCTAACCGA-3’) 面 mer. These thl‘lee b皿ds were

designatedOPD03-350, 0 PD 11-400 andOPQ09-1100 respectively・ 犬

Segregation of the thjree bands was examined in /134 1ndividuals: of the F2

ご

poptllation. Accordinglto chi-square tests, the segregation of pungency and thrlee RA PD

markersdid nQt deviate from theexpected 3: 1 ratio, but co-segregation of pungency and

RAPD markers differed signific皿tly from the expected 9:3:3: 1 ratio of independent

inheritance(Fig. 2-6A, B, C; Table2-5). ThisindicatesthatthesethreeRAPDmarkerslink

tOげ10cusandmaybeavailab1uasDNAmarkersfk)rscreeningforfbw-pungencyinthese

chili peppers. However, theyshowedrecombinationfrequencyof 22.6% j 0.3% , 皿 d二
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Numberofplants

observedz

Table2-4. SegregationofpungencyandCAPSmarkerlinkedtt) C locus, 皿dchi-square

十 tests for 卵 ing toて3: 1・ (Z2A; Z2B) and to 9:3:3: 1 (Z2AB) expected inJ 2

population (jf C.夕utescenぐ S3212’(P2) )( C. c/面 四認 ‘S3010’(PI) i

Chi-squarevalues Recombination

n’equency

(% )

LOCUS

18 ’ j 1 14 5.26¨ 7 0.09 7.43゛

zA, a: Pungencyorfbw-pungency; B, b: Presenceof specificb皿dinco-dominantmarkerl.

Y*and** indicatesignificanceat? ≦0. 1andt S 0.05, respectively, bychi-squaretest.
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Numberofplants

observedz

T面1e2-5. Segregationofpungency皿dRAPD marker, andchi-squaretestsfornttingto

3:1(ZラA; Z2B) andto9:3:3:1(χ2AB) expectedinF2po沁lationoIC.升utescens

‘S3212’(P2) ×C. chinense‘S3010’(PI) . し

ぐ

LOCUS Recombination

frequency

(% )

Chi-squarevalues

11 19 2678

84

5.26**Y 0.49 46.62***

5.26** 1.68 110.86***

5.26** ¥ 0.25 54.07***.

Pヽungency OPD03-350

0 PD 11-400 355

22.6

10.3

19.8

10

zA , a: Pungency or few-pungency; B, b: Presenceorabsenceof RAPD lilarker.

Y**and*** indicatesignific皿ceat? ≦OJ)5 and? ≦0.01, respectively, bychi-squaretest.
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19.8% in OPD03-350, 0 PD 11-400, and OPQ09-1100 with few-pungency, respectively,

i!ldicating thatthesethreeRAPD markers≒ dsomelinkagedistance斤om げ locusinthese

chili peppers(Table2-5) ; therefore, DNA markersmoreclosely linkedtoげ locushaveto

bediscovered.

恥 g町ding tothesegregationof pungencybyHPLC datainF2populationshowed

the ratio that was not fit to the expected ratio 3: 1, that result might be`caused to the

recombination. 0 n 也e other h血d, F2 population in this study was separated into the

pungentgroup and few-pungentgroup atther飢 geof 100-1,000 μg°gslDW in capsaicinoid

contents, becausetherexverenoindividualsinthisrange. Howeverj thaspossibility that
-・

thelowestrangeofpunguntgrgUpwasnot 1,0りOμg g゙’IDW biltwasOμi g’1DW . ln factj n

C. annuum, some of sweet varieties like ‘Shishitou’ and ‘M anganji’ are classmed to

pungentpepper geneticallyj n spiteof littleof pungency. ln such/ascase, thefelw÷pungent

groupintheF2populationwasincludingsomeindividualsthatdidnothavegenotypeof

- ■ ■

i゙ecessiveげgene4buthavegenotypeof(!ominantpungentgeneeveniftheywerehotso

pungent. Thismay be also onelof therelasonsthat the segrlegationiof pungency by HPLC

datainF2populatignwasnotfitwith3: 1. <

Therefolrel, thesethrleeRAPD markersconfirmedthelilnkageltothelげ locusinlthese

chili peppers. lt reinforced that the few-pungency in these chili peppers was controlled

mailnlybyasinglerecessivegene, namelyげ genel・

Knlowledgeof theinheritanceof thefelw-pungenttraitin fblw-pungentchili pepper

‘S3212’(C.夕utescens) inthisstudywillfacilitatefurthergeneticanalysisofthepungency

trlj lt in C叩 |lslf凶lx?71, giving breedersmorelinfolrmation abouttheldevelopment of new chili

pepper cultivarssuch asthefbw-pungent chili pepper in C。夕utes(;e紬 oi C. chinense・

Quantitative characters such as the level of pungency controlle(! by polygenes are

sUsceptibletotheenvironmental enヲbct. ln C. annuumj t hasbeenreported thatfruitswith
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strong pungency aresometimesfound in fbw-pungentvegetable-typechili pepper cultivars

欧ownunder stressedconditionssuchaslow temperatureorwaterdefici叫cy (Estradad

al. , 1999; Harvell andBosland, 1997) . A sinlgleげgenecontrlollingfelw-pungencyfblundin

this study is expected to use also in C. annuum to dev610p 叩w stable few-pungent

cultiVars. Therewill beg90dproductasvegetableforconsuming。

Based on the present study, more detailed mapping around the げ locus and

investigationof somemechanism concemswiththefew-pungentg6nし, moleuularapproach

will beusedfurther. Theinfk)|rm必 onwill beuseful todevelop theco-dominantmarker fblr

marl徊r÷assistedselection’(MAS) inbreedingprogram.

2。4. Abstract - レ ダ ∧
・ / ■ ㎜

CaPsicum夕utesqensisknownasahighlypungentchili pepperspecies, butan

accession of C. 泄zがa cex?,yshowedvery low capsaicinoidcontent. Thisfew-puylgenttraitis

ylovしl and μniqueto ‘S3212’ in C. 夕utり ceねs. To investigate the inheritance of the few-

pungent trait, segregation of cap阻icinoid content in F2 and backcrosspopulations (BC1)

crossed with high pungent C. chinense ‘S3010’ were observed. The Segregation ratio

indicatedthatfew-pungencywascontrolledby asinglerecessivegenedesignatedastheげ

gene. lsolocustest between げ 10cusand C locuscontrolling capsaicinoid prodUction was

(;arried out usil!g cleaved amplined polymorphic sequence (CAPS) marker SCY-800

11nked to the C locus. CAPS pattem and few-pungency werenot related, so げ locus is

different n゙lom C locusyM orelover, RAPD markersconfirmedthelink昭etotheげ 10cusin

these chili フpeppers. lt reinforued that the fbw-pungency in these chili peppers yas

controlledmainlyby aSinglerecessivegune. Thesingleげ genecontrolling few-pungency

folundinthisstuldyisexpectedtobeusedtodevdopnew cultivarsstableinfelw-punlglency・
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Experiment3

GeneticAnalysisof lVlolecular lVlarker L inked toFew-pungentGenein Chili Pepper

(CapsicumJrutescens)

3. 1. 111troduction

Of five domesticated chili pepper spec16s, CaPsicum 夕utescens has remarkably

highpungency (IBPGR, 1983) . Howevery S3212’ showedvery loW capsaicinoidcontents,

namely felw-pungency inlthefyuits (M latsushimla dl砿 , 2004; Konishoetal., 2 005a) . The

fbw-pungenttraitisuniquetochili pepper ‘S3212’ (Capsicu琲夕utescens) becauseall other

C 夕z府・ycex7・yaccessionshadpungentliuitswithhighcapsaicino14 contents. Thisfbw-

pungency xvasI contrlolled by a sinlgle recessive genle (Saritnum et al。 2006) . Thelc gene

●

locatesin theC locusiscontrolledcompletelack ofpungency in C. annutlm. However, the

genecontrolsfblw-pungenttrlait, 皿mely吠 islocateddi訟reldyn’omtheC locus

(Saritnumetal.ユ007)・ ‥ づ 。

Therefblre, we have analyzed to thel fblw-pungelncy gene, げ gene, in chili pepper

‘S3212’(C.夕utescens). TheidentificationQfmarkersmorelinkedcloselytotheげ10cusin

these chili peppers was described using the RAPD marker in combination with bulked

segregant analysis (BSA ) . However, RAPD marker wasthedt)minantmarker. To deyelop

the PCR-based molecular marker linked cloSely moreto the げ 19cus, dne of the RAPD

malTker wasconverted to the co-dominantmarker (CAPS marker) linked to fbw-pungent

gene, the gene controls few-pungent trait, げ gene, at the げ 10cus by cloning and

sequencing. This CAPS m忿ker will be close enough to be useful starting points for

marker-assistedselection (MAS) inbruedingprogramsfutther. j
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3.2.2. DNA extraction (refer toExperiment2) ト ト 十

DNA wasextractedfrom young leavesusingAutomaticNuc!eicAcidsEχtractor

(CompacBioMX-16, COMPACBIOSCIENC耳S, Japan). イ

3。2. 1Vlaterialsand 5ylethods

3.2.1. Plantmaterials(refer toExperiment2)

An F2 pQpulation of 134 plants from a crossing oI C. 夕utescenぐ S3212’ (a few-

pungent chili pepper) 皿 d C、 chinense ‘S3010’ (a pungelnt chili pepper) was used folr

geneticanalysis.

3.2.3. Bulked segregantanalysisUsingRAItD marker ∧

Bulked segregant ahalysis (BSA) was condugted using the 480 RAPD primers・

DNA 31amples frlom seven punlgent and seven few-pungelnt F2 1ndividuals werelpooled

respectively and used as・a template for detecti贈 RAPD in t)ulked segreg皿t analysis
ノ ’

(Michelmlore e万t i ., 1991). The RAPD¥ method was perfolrmed as described by

M i皿miyamagZ㎡ム(2005) .
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3。2.4. Cloning andsequencingof theRAPD produet - レ

ThelspecificRAPD bandlinkedtothelpungencywasamplifiedusingDNA 丘om F2

plants, whichwasexcised丘om thege1, andthenpurifiedusing aQIAquick Gel Extraction

Kit(Qiagen, CA, USA). ThefragmentwasligatedintoapCR-TOPOvectorusingTOPO(g)

TA CloninglK it (lnvitrlogen) , and theEsch万erichia万c砿 DH5(zstrain wastrlansfolrmedwilth

the ligated plasmids. The identityl of the cloned DNA fìlagmlent was examined by

hybridization to Southem blots of the RAPDl of individuals that segregated 禎 th this

marker. Sequencingwascarriedoutusing皿 AppliedBiosyStems310 sequencer.



3。2.5. Primer design and () APS analysis

Thesequenceinfolrmationof thedonedRAPD f≒ lmlentOPQ09-1100 wasusedto

design two specinc primers, a forward primer of 20 bp SCQ-600FW , 5’-

CAATACAAATTGGCCCCTCT-3’, and a reverse primer of 20 bp SCQ-600RVノ 5’-

TAAAGACGGCTCCTGGAAT(J-3’. Sequencesofthearbitraryprimer叩 renotincluded.

AmplificationS were carried out using a standard PCR reaction with 0.21 μM of each

plrimer, 皿dthelPCR conditionswer61pelrfolrmedasf1)1110ws: onestepof 94°C 拓r3 min; 35

cyclesof 94°C for l min, 500C for 2 min, and 72°C fk)r 2皿 in; annal step of 720C fbr 5

min. Thelamplmedfì|昭mentwasdigestedinannal volumeof 14 μL thatlcolitailnled 12 μIL

of thePCR reaction and l unit of thechosen relstriction endonuclleasle (4ylzjll) . Thedigests

wereresolvedby electrophoresisin3% agarosegel or 13% acrylamidegel andvisualized
” ㎜ ■

丿

onaUV 廿舛llsilluminlatorafterstainingWithethidiutnlbromide.

3.3. Resultsand Discussion ご △

3.3. 1. ldentification of RAPD markersmorelinked c16sely totheげ’locus

To identify theRAPD markersmore linked closely to pungencyけrait asthq allele

of few-pungency, bulked segregantanalysiswasconducted in theF2popuk ion using the

480 RAPD primlersl. ln thel result, total of seven b皿ds were specifically amplmed in

‘S3010’highlypungent(;hili pepperandinthepungentbulk. Toinquirethatb血dislinked

レ to th e p u n g en t tr a i t , so m e o f F 2 1h d i v i d u a l a l so W a s u sed to th e seco n d screen i n g o f th e

‥ specincb皿ds. ltwasshoweld in thesameresultof specincbandsinlpungency. Thefirst

bandwasa350 bp h gmentamplifiledby theOPB01 (5’-GTTT(7GCTCC-3’) primer. The

second band was a 350 bp h glmem amplined¥by the OPD03 (5’-GTCGCCGTCA-3’)

primer. The third band was a 400 bp ǹagment amplmed by the OPD 11 ( 5’-

AGCGCCATTG-31’) primer. The拓urthb皿dwas皿 1100bph gmlentamplinedbythe
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OPQ09 (5’-GGCTAACCGA¬3’) primer. Thefifthbandwag; a400bph gmentamplified

bytheOPAD05 (5’-ACCGCATGGG-3’) primer. Thesixthb飢dwasan 1000 bp fragment

amplifiedbytheOPA103 (5’-GGGTCCAAAG-3’) primer. ThesQventhb皿dwasa550 bp

h gment m plified by the OPAN 17 (5’-TCAGCACAGG-3’) primer. The seven specific

bands wer6 designated OPB01-350, 0 PD03-350√OPD11-400, 0 PQ09-1100, 0 PAD05-

400, 0 PA103-1000, and OPAN 17-550, respectively (Fig. 3-1. 1; 3-1.2; 3-1.3; 3-1.4; 3-1.5;

3-1.6; 3-1.7, respectively) . 0 f these seven spQcific bands, 0 PQ09-1100 was clear and

teproducibleb飢d, theotherbandswereratherfaintorpoorlyreproducible・

Segregation of these seven b皿dsしwas examined in 134 1ndividuals of the F2

population. According to chi-squai‘etests, the segregation of pungency and OPQ09-1100

did not deviate significantly n゙om theexpected 3 : 1 ratio (98:36, χ≒ 0.25げ ゜ 0.63) ・

OPB01-350, 0PD03-350, 0PD11-400, 0PAp05-400, 0PA103-1000, and OPAN17-550

also confolrmed to this ratio ((97:37, j = 0.49 7)| = 0.50) , (97:37, j = 0,49, 7)| = 0.50) ,

(94:40, Z2= 1.68j ) = 0.22), (101:33, Z2= 0.01, P二(j.り2), (147:40, χ2二2.86j ) 二0.12), 飢(i

(92:42, Z2°2.88, P二0.11), resp& tively). Bythisresult, segregationofOPA103-1000

couldn6tdetectit a11 134 1ndividualsbecauseof poor reproducibility 6f theband. RAPD

markerswere found moreto link with the fbw一皿 ngent gene, げ gene, at theげ locUs in

thesechili peppers. ‘

卜 ・ 1 .

Nevertheless, they showed the recombination frequency With fbw-pungency in

13.9% , 22.6% , 10.3% , 19.8% , 22.2% , 19.6% , and 28.7% in OPB01-350, 0 PD03-350,

0PD11-400, 0PQ09-1100, 0PAD05-400, 0PA103-1000, andOPAN17-550, respectively

(Fig3-2.1A, B; 3-2.2A, B; 3-2.3A, B; .5-2.4A, B; 3-2.5A, B; 3-2.6A, B; 3-2.7A, B; Table

3-1) . Bythisresultj tassumedthatthesesevennlarke17shadsomelink昭edrstance斤om

theげ10cusinthesechilipeppers. 0ntheotherhandj ta1soassumedthatthefew-pun:gent

traitinthesechili peppersxvascontrolledmainlybysinがegenewiththφotherminorgenes
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Fig. 3-1. 1. ThespecincbandinparentlineandsomeF2populationusingRAPD primer

OPB01. M : molecular-weightmarker (②X -174 digestedwith瓜 d II) .
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Fig. 3-1.2. ThespecificbandinparentlineandsomeF2populationusingRAPD primer

OPD03. M : molecular-weightmarker (OX -174 digestedwithル d II)
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Fig. 3-1.3. ThespecificbandinparentlineandsomeF2populationusingRAPD primer

OPD 11. M : moled ar-weightmarker (QX -174 digestedwith沁 d II) .

43

310

603



bp

()
{
()
E
S

a
a
JsM

F2

44

Fig. 3-1.4. ThespecincbandinparentlineandsomeF2populationusing RAPD primer

OPQ09 M: molecular-weightmarker(OX-174digestedwithル dII)
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Fig. 3-1.5. Thespecmcband inparentline皿 dsomeF2populationusing RAPD primer

OPAD05. M : molecular-weightmarker (OX -174 digestedwithぶ d II) .
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Fig. 3-1.6. Thespecificband inparentlineandsomeF2populationusing RAPD primer

OPA103. M : molecular-weightmarker (OX -174 digestedwithル d II) .
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Fig. 3-1.7. ThespecincbandinparentlineandsomeF2populationusing RAPD primer
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LOCUS

T油le3-L SegregationofpungQncyandmolecularmarker, andchi-squaretestsfk)rfitting

to 3 : 1- (Z2A ; χ2B ) andj 0 9 :3 :3 : 1 ( Z2A B ) j xpected in F2 population七 f C

夕utescens`S3212’ (P2) xC. c/面e心どS3010’(PI).

Numberofplants

observedz

Recombination

n’equency

バ % )

Chi-squareval面 s

31

26

35

6

H

0.49

0.49

1.68

83

78

84

5。26**Y

5.26**

‘5.26**

5.26**

5.26**

5.31**

5.26**

4.89“

81.38*7* :

46.62*** ・.

14

19

Pungency OPB01’350

0 PD03-350

0 PDH -400 ’

OPQ09-1100

0 PAD05-400

0 PA103-1000

0 PAN 17-550

0。25 54.07゛*゛

0.01 ’40.46***

2.86* 66.86***

2188* 36.83***

0.04 76.70” *

110.86

27

24

29

25

80

80

73

72

* * *

13.9

22.6

10.3

19.8

22 .2

19、6

28.7

10.7

10

18

21

14

20

5

9

9

11

17

Y * ** and *** indicatesignific皿ceat? ≦0.1, ? ≦0.05 and? ≦0.01, respectively, by chi-

zA , a: Pungencyorfklw-pungency; B, b: Presenceorabsenceofdominantmarker/

presenceofspecificbandinco-dominantmarker. 十

55

√

squaretest.



participatedtocontrol thehighcontentof pungency inQTL. However, thesesevenRAPD

markersconnrmedthelinkagetotheげTlocusinthesechili peppers.

3.3.2. Development of a eleaved amplined polymorphic sequence (CAPS) marker

linked totheげ loしus ’・ 十 ..

To develop the PCR-based molecular marker linked closely more to the げ locus,

oneof theRAPD marker, 0PQ09-1100 hadaclearandreproducibleband, wasconverted

to the co-dominant CA PS marker linked tg the げ locus by clohing and sequencing. A 二

specific primer pair designed from the sequence data amplined a single b皿d of 600 bp

Using genomicDNA from parehts皿dsomeF2plants. ThebandwasdesignatedSCQ-600.

As suggested by the sequence, digestion of the SCQ-600 f≒ tment fi‘om ‘S3010’ by j M

resulted in two major n‘agments, 305 and 240 bp, also that of ‘S3212’ resulted in two

I ・ ● . ・

mE!jorfragments, 300and260bp(Fig. 3-3). , ‥,

Segregation of thispolymorphism in F2 population fitted to theexpectd 二1 : 2 : 1

ratioべ24: 76: 32, Z2= 4.00げ = 0.14) (Fig. 3-4). Bythisresult, thesegregati叩ofthis ゛

CAPSmarker fortheげ locuswasalsosomewhatdi泌 rentfrom thatof theoriginal RAPD

marker OPQ09-1100, thedia rencemightbecaused by theunstab!eamplincation of the

band. However, the CAPS marker SCQ-600 showed in the 10.7 percentage of

recombination 訟 quency thatWas lessthan theRAPD marker OPQ09-1100 n‘om which

SCQ-600wa芦convertedtotheげ10cus(Fig. 3-5, T油1e3-1). S9, thisSCQ-600markerwas

f1)undtobeclosむ1ymorelinkedtotheげ locusinthesechili peppers・つ ¥
■ i ・ / ‘

Basedonthepresentmarkers, moredetailedmappi哺 aroundtheげ 10cusandDNA

markersmoreclosely linkedtoげ locushavetobediscoveredfurther・ 十

56
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Fig. 3-3. Segregationof theco-dominantCAPSmarkerlinkedtotheげ locusinll w-

pungenttraitof chili pepper (C、夕utescens x C、chinense) . PCR with specific

primerswas丘)Ilowedbyrestrictionwithj /μI . M : molecular-weightmarker

(OX-174digestedwithHadII) .
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Fig. 3-4. Segregationof CAPSpattems(SCQ-600) andfew-pungency inF2populationof

C。夕utescens‘S3212’(P2) xC・chinense‘S3010’(PI)。 十
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3。4. Abstract

To nnd molucular markers linked to げ 10cus, bulked segregant ana!ysis was

conducted in theF2populationusing 480 RAPD primers. SevenbandsdesignatedOPB01-

350, 0PD03-350, 0PD11-400, 0PQ09-1100, 0PAp05-400, 0PA103-1000, 0PAN17-550

wereaniplmedin ‘S3010’pungentchili pepper andinthepungentbulk. Thesegregation

of pulngency and RAPD markers did not deviate酒 òm the expected 3 : 1 ratio, but co-

segregationofpungencyandRAPD markersdifferedSignincantly fr6m theeχpected9 : 3 :

3 : 1 ratio of independent inheritance. ThiO ndicatesthattheseseven RAPD markerslink

toげ 10cusandmay beavailableasDNA markersfor Scregning for few-pungency・

However, theyshowed 10,3-28.7% of recolilbinationwithげ !ocusindicatingthattheyhad

someli皿agedistance登om げ locus・Todevelopmoreclosely linkedmarker, aclearand

reproducibleRAPD markerOPQ09-1100 wasconvertedintoaco-dominantCAPSmarker,

SCQ-600. ThisCAPSmarkerwasfolundtolinkcloselytoげ10cus, however, ithad10.7%

of recombinationindicating somelinkagedistance丘om げ locus. :

60



4。1. 1ntroduction

Simple sequence repeatS (SSRs) or microsatellitemarkers are PCR-based marker

thathavebeen developed inmany plant speciesj ncludingmostml!jor crops, such asrice,

maize, sorghum, wheat, andbarley, aswell asvegetablecrops(Mbad ㎡・, 2001; Suwabe

et al・, 2 002 ; Chiba d α/・, 2 003) . SSR niarkers have the advantage of being multiallelic,

highly polymorphic, 皿d co-dominant, and havebeen developed and used for thegeUetic

mapping of so1血 aceous vegetables, including tomato, potato, 血d eggplant (Broun and

Tanksley, 1996; Smulderset al。 1997; M ilboumeet al。 1998; Nunomeet i L, 2003) . ln

thisstudy, theinterestof few-pungenttrait linked toげ 10cusin an interspecifichybrid of

C. 夕utescensxC c/功7a?sewasobserved. べVehaveanalyzedalinkagemapusingSSR

markerslinkedtopungency inC.夕utesclensx C. chinense. |

Experiment 4

Analysisof SSR-basedL inkageM ap in Chili Pet)per

4。2. jVlaterialsand lVlethods

4.2. 1. Plantmaterials(refer toExperiment2) ¥

The F2 population of 134 plants derived 丘om a cross between C. 升utescens

‘S32、12’(afew-pun面ntchilipepper) andC. chinense‘S3010’(apungしntchilipepper) was

usedforgeneticanalysis・ 十

61

4.2.2. DNA extraction (refer toExperimeilt2) 二

し DNA was extracted 丘om young leaves using AutomaticNucleic Acids Extractor

(CompacBioMX-16, COMPACBIOSCIENCES, Japan). し 一



4。2.3. SSR analysis

For SSR analysis; amplificationswereperfotmed using a standard PCR reaction・

ThePCR reaction mixtureconsisted of 20 ng genomicDNA , 0.25 μM of each primer, 1x

PCR buffer (Takara Bio, Japan) , 200 μM each of dNTPs and 0.25 units oI T向 DNA

polymerase(TakaraBio, Japan) inatota1reactionvolumeof 10μIL. PCR amplinlcations

weret)er拓rmed in aBIO-RAD I Cycler (Jap皿) . ThemixtWewasinitially denatured at

94°C for 3 min, followedby 30 cyclesof PCR amplincationwithdenatutation at94°C fbr

30 sec, primerannealinlg at50°C fk)|r l min, primerextensionat720C folr l min, andnnally

incubatedat720C for 5 min. ThePCR pr(jductswしreseparatedby electrophoresisin 13%

acryl叩lide gel and visualized on a UV transilluminator after staining with ethidium

bromide. し

4.3. R esultsand discussion

4.3. 1. ldentification of SSR markers linked to the げ locus in chilj pepper

(C. jrutescensχC cゐyxlgjl∫e) ‥

ダ T o i d e n t i f y m a r k e r s l i n k e d t o t h e げ 1 0 c u s , t h e p a r e n t l i n e s w e r e s c r e e n e d w i t h 2 5 9

SSR primer pairs. N ineltyl-nlveprimer pairs showed thePCR amplincation. 0 ut of/them,

seventeen primer pairsshowed thepolymo印hic bandsbetween theparent lines (Table4 -1) .

Then, using these 17 SSR primer pairsin 134 1ndividual pl皿tsof F2populationj t fk)und

that 100 1ndividual plantswerelapproximatetobeamplinled, however, onlyケ10 primerpairs

(CAMS090; CAMS191; CAMS340; CAMS396; CAMS424; CAMS451; CAMS460;ヽ

CAM S630; CAM S679; CAM S8515) showed the di汲 rentia1 PCR amplmcation in all of

homozygousandheterozygouspattems(Fig. 4-1. 1; 4-1.2; 4-1.3; 4-1.4; 4-1.5; 4-1.6; 4-1.7;

4-1.8; 4-1.9; 4-1. 10, respectively) . Trheother 7 plTimerpairssh6wedthedifferential PCR

62



Table4-1. Liston 7 SSR markersshowedthepolymorphicb皿dsbetweentheparentlines

∩

CAM S065

CAM S090

CAM S142

CAM S191

CAM S207-2

CAM S336

CAM S340

CAM S396

CAM S424

CAM S451-I

CAM S460

CAM S630-2

CAM S679

CAM S855

CAM S861

CAM S865

CAM S891

(ac)12
(ca)3a(ac)15
(ta)3…(ac)7・, .(ac)12a(ta)8
(ac)10a(ta)4
(ac)4at(ac)8(at)3
(tc)16
(ta)3…(ag)13
(ag)12
(ag)16
(tc)21t(ac)3
(tc)20
(tct)5…(ctt)3
(tat)16 ¥
(agt)14a(gaa)9
(aga)U し
(gaa)7
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Fig. 4-1.2. Thedinerentia1PCR amplincationinparentlinesandsomeF2populationusing

CAM S191. M : molecular-weightmarker (②X -174 digestedwithHad II ) .
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Fig. 4-1.5. Thedinerentia1PCR amplincation inparentlinesandsomeF2populationusing

CAM S424. M : molecular-weightmarker (QX -174 digestedwithル d II) .
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Fig. 4-1.6. ThedifTerentia1PCR amplincationinparentlines皿dsomeF2populationusing

CAM S451. M : molecular-weightmarker (②X -174 digestedwithル d ll) .
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Fig. 4-1.7. Thedi既 rentia1PCR amplincation inparentlinesand someF2populationusing

CAM S460. M : molecular-weightmarker (OX -174 digestedwithル d II ) .
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Fig. 4-1.8. Thedifferentia1PCR amplificationinparentlinesandsomeF2populationusing

CAM S630. M : molecular-weightmarker (OX -174 digestedwithル dII) .
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Fig. 4-1.9. Thedi泌 rentia1PCR amplincation inparentlinesandsomeF2populationusing

CAM S679. M : molecular-weightmarker (QX -174 digestedwithル dII) .
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Fig. 4-1. 10. Thedi晩 rential PCR amplificationinparentlinesandsomeF2population

using CAM S855. M : molecular-weightmarker (OX -174 digestedwith

HadII) .
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amplification only in thehomozygouspattems. They could notdistinguish thediflヲbrentiaI

PCR amplificationbetwlelenthelhomozyglousanldheterozygouslpattems。

Astheresultsi someDNA i゙ndividualswerenotbeamplinedj tmightbecausedby

the quality of DNA that extracted by machine. Some DNA fragmentsmight be broken

during process of extraction. Also, the PCR conditions might be not suitable fk)「

amplmcation. ln additions, the amplified bands frlom seven primer pahサs that could not

distinguish thedifferencesin thegel level by electrophoresismightbehad thenucleotide

polymorphism differently in l -2 basepair. Soj t shouldbeusedtheothermethodssuch as

sequencingtodetectthediffbrentbands.

4。3.2. Analysisof SSR markerslinked topungency of C β gXa cEj15’x C cゐ&zgxlsg on a

linkagemap oI C. annuum

SSR markers in thisstudy wereused to analyXetherelation with SSR markers in

thelink昭emaplof Cイannuuln万(M ina面 yamH rl㎡。 2006) . ln113 11nkagegrloups(LGs) of C

annuu俘1 11nkage map, it found that CAM S630 and CAM S679 were mapped on LGI ・

CAM S090 andCAM S855 weremappedonLG8. Also, CAM S191, CAM S424, CAM S460,

CAM S340, and CAM S451 were mapped on Lq3, LG6, LG7, LG10, and LG11,

respectively・ /

ln additions, the relation between each SSR markers in this study was examined・

The percentage of relation was showed in Table 4-2. Each pair of markei゙ had the

pqrcentage 6f relation about 30-50% . However, CAM S090 and CAM S855A ad the

percentage of relation in 97. 1% . A lso, CAM S630 and CAM S679 had the percentage of

relation in 58.9% . These resultswere conformed to the result on the linkage nサ1ap of C

an nu141n that C A M S 0 9 0 and C A M S 8 5 5 w ere m app ed on the s皿 ie L G 8 ; or C A M S 6 3 0 and

CAM S679 weremappedonthesarneLGI . lthaspossibilitythatCAM S090 and よ
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4.3.3. Analysis of the rehition between SSR marker and the few-pungency linked to

theが’locusinC. jrutes!:ensxC cjlyxzどxx∫ど 。

To nnd the SSR marker li旅 ed to theげ 10cus in C. 夕utescens χC. c仙 7e,79 , the

parent lines and F2 population wasused. For SSR marker, the vしry pungent chili pepper

‘S3010’ (C卜chiれense) (P1) andthefew-pungentchili pepper ‘S3212’ (C夕utescens) (P2)

showedthedifTerentia1PCR amplincation in SSR pattlem T 皿d ‘2≒respeφ vely/ lnlF2

populatiol! , thehomozygousindividualsshowedtheSSR plattemsof either theP1 ‘S3010’

SSR pattem T or theP2 ‘S3212’ SSR pattem ‘2’. Some individualswereheterozygous

that they showed in SSR pattem ‘1+ 2’. For t)ungency, the result Was referred to卜the

previous experiment (Experiment 2) that theF2population separated into two groupsby

capsaicinoid contents. 0 newasthe few-pungent group (capsaicinoid content is lessthan

100μg・gslDW) andanoth& wasthepungentgroup(capsaicinQidcontentismorethan100

CAM S855; or CAM S630 and CAM S679 are mapped on the same in each LG of C

夕斑ace心andC. chinensecombination.

μg・g’IDW). 卜

Analysisof relationbetweenSSR pattem andpungencyinF21ndividuals, itj howed

76

thattheSSR pattemswerenot relatedwith thefew-pungenttrait in thesechili peppers. lf

the SSR i)attemswere related With the few-pungent trait, the F2 1ndividuals showed the

SSR pattem ‘2’ thatwasinherited from few-pungentparent (P2) shouldbethefew-pungent

pepper inall but liomeindividualswerepungent. Also, F2 1ndividualsinpattem T or

‘1+ 2’ thatthey shouldbepungent in all butlsomeihldividualswerefelw-pungent (Table

4-3). Therefore, itrevealedthatthe10SSRmarkersthatweref1)undinthisstudywerenQt

solinkedtothefew-pungentgene, げgene, attheげlocusinthesechilipeppers・ 十 し
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4.3.4. Analysis of the relation between SSR marlier and immature fruit color in

C. JrutescensxC cゐ&zgxz∫ど 二

To investigatethe SSR marker linked to immaturefhlit color in C. 夕utescens x C.

chinense, theparent linesand F2population Wasused. For SSR 再arker, C 廟加四毘 (PI)

andC。升utes(:;lelx?|・yl(P12) showeldtheldiffelrentia1PCR amplmcation inSSR pattemでP and ‘2≒

respqctively. ln F2 populationバhe homozygous individuals showed the SSR pattems of

either the PI SSR pattem ‘P or the P2 SSR pattem ‘2’. Some indivi血 als were ゛

heter(jzygousthat they showed in SSR pattem ‘1+ 2’. For imlilature伍lit color, theresult

wasreferredtoBabaenz/。(2006) thattheF2pop単ationshowedtheimmaturef17uitcolor

into threegrgups. Group l wasdeep green color, group 2 wasmedium green color, and

group3waswhitegreencolor。

Analysisof relationbetween SSR pattem aild immaturefruitcolor inF21ndividuals, ゛

it showedthattheSSR pa雌 mswerenotrelatedwith theimmaturefhlitcolortraitin these

chili peppers(Table4-4) . Therefore, itrevealedthatthe10 SSR markersthatwerefbundin 二

thisstudywerenotlinkedtotheimmaturefhlitcolortraitinthesechili peppers.

4。3.5. Analysis of the relation between SSR marker and CAPS marker SCY-800

11nked totheC locus ¥ 犬 ’ I

To investigatetheSSR marker related to theCAPS marker SCY-800 11nked to the

C locusin C. 升utescens x C 廟 加e心ら theparent linesand F2 population wasused./For

SSR marker, the ‘S3010’ (C. chinens&) (PI) and the ‘S3212’ (C. 夕utescens) (P2) showed

thediflblrulntial PCR amplincation in SSR pattem ‘F anld ‘2≒respectivelly. lnF21poplulation,

thehomozygousindiv14u出 showedtheSSR pattemsof eitherthePI ‘S3010’ SSR pattem

‘P or the P2 ‘S3212’ SSR pattem ‘2’. Some individuals were heterozygous that they

showedinSSR pattem ‘1+ 2’. ForCAPSmarker SCY-800 11nkedtotheC locus, theresulレ
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was relbrred to thepreviousexperiment (Experiment 2) thal the F2population showed

CAPS pattemsof either the ‘S3212’ type `E’ or ‘S3010’ type ‘D’. And someplantswere

heterozyか)usthattheywereshowedinbothtypes‘D十E’。

Analysis of relation between SSR pattem 飢d CAPS pattem in F2 1ndividualsj t

showedthattheSSR pattemswerenotrelatedwiththeCAPSpattem inthesechili peppers・

lf theSSR pattemsweretelatedwiththeCAPSpattem, theF21ndividua1sshowedtheSSR

pattem ‘2’ thatwasinherited from parent (P2) shouldbeshowed in CAPSpattem ‘E’ in a11

butsomeindividualswereshowed in CAPS pattems‘D’ or ‘D十E’. AIso, F2111dividualsin

pattem T or ‘1+ 2ythatthey shouldbeshowed in CAPS pattems‘D’ or ‘D十E’ in all but

someindividualswereshowedinCAPSpattem ‘E’ (Table4-5) . ThereR)re, itrevealedthat

10 SSR markerswerel folund in this stuldy were not linked to thelC locus in lthese chili

pepperls(C.夕utescensx(こlcl/加肖?|・s’le). ThisrelsultmightlbeconfolrmedtoMinamiyamaellr

al. (2006) inthelinkagemapoI C. annuumthatreportedtheCAPSmarker (SCY-800)

11nkedtoO ocuswasmappedon theLG13 wherewasnothese 10 SSR markersmapped

together. Soj n thepresent studyj t haspossibility that theCAPS majrker (SCY-800) is

mappedontheLG wherqisnothese 10 SSR markers男appddtogether in thelinkagemap

of C.夕μMycex7,yandC c/7加四認 combination・ 。 つ 。

Regardinlg tothisstuldy, theinfolrmlation of these 10 SSR markersconceminlglwith

the linkagemap of C. annuum will beusefill fbr geneticanalysisof chili pepper further・

However, the approach of themarker linked moreclosely with the few-pungent genQ (げ

gene) lat theげ 10cus in thesechili peppers, morel infolrmation of moleqular markelr

combining with sequencing is needed to clarify the discrepancies. ln additions, 血rthむ「

study shall be focuson theother marker or lilethod such asAFLP marker or adding the

number of primer for construction oO inkage m叫) oI C. 夕utescens x C. chinense. The

knowledgewillbquse血ltodetectanddeyeloptheco’do㎡in皿tmarkerfk)rmarker-
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assistedselection (M AS) tobreedingtheneW varietyofchili pepperwhichisstablein fbw

pungency・

4。4. Abstract

Tonndmoremarkerslinkedtoげ 10cus, 259 SSR primerpairswereexaminled inlF2

population. Ten SSR markers were found t(j be distingリishable high pUngent and fbw-

pungent parents, h6wever, close relatignship with few-p14ngQncy wasnot o!)served. Some

pairsof SSR markersj inkageswereobservedwithhighlpercentagesameasrepolrtedin C

回 四 万zj万m by M inam iyam a et al . ( 2 0 0 6 ) . T his indicates that link 昭 e m ap Qf C j サz心 s‘万a 凹 ( x C

chinensd nthisexperimehtmaybeuninedwiththatoI C. annuumレ
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戸

づ E x p er im en t 5

M olecular M appingof theげ locusfor Few-pungency in Chili Pepper

(CapsicamjrutescensxCapsicamchinense)

5.1. 1ntroduction 犬

Capslcu即 spp. isaplant giving rise to very largephenotypicdiversity dependi㈲

onthecountrywheruitiscultivatedanditsint6ndQduse, suchas丘eshorcookedvegetable

and spice. Pungency is one of the m6st import4nt characteristics in chili peppers.

Capsaicinoids, which are produced in the placenta of the fhlit√are the origin of this

pungency (Blumd ㎡・, 2003; Suzuki etal・, 1980) . Chili peppercultivarsdifferintheir

level ofpungencybecauseofquantitativevariationincapsaicinoidcontent。

Due to the simple selection based on phenotype is not always enbutive for the

quantitative trait such as capsaicinoid content. M ore recently, the selecti(jn of this trait

using molecular linkagemarkers- marker-assistedselection (M AS) - hasbeenrec(jgnized

as a powerfull tool folr breeding. lnfolrmation on linkage mapj sl indispensablel folr

elucidating quantitativetraitloci andobtaininglihkagemarkers。

ln this study, the fbw-pungency which was novel and unique to ‘S32 12’ in C.

j z洵,yce心 foundtobecontrolledbyasinglerecessivegene, nalilelyげgeneattheげlocus

(Saritnumetal,・, 2008). Wereporttheidentmcationof several markerslinkedtotheげ

10cus in chili pepper (C、夕utescens x C. chinense) . To demonstratethepotential of these

linkedmarkersfortheげ locus, wetriedtoconstructthelinkagemapof thesechili peppers

(C. 夕utescensxC. chinense) usingRAPD, CAPS, andSSRmarker. ltwill beuseful to

startingpointsofmarkerdeveloping forbreedingprograms. … …

83
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5.2.2. Data analysisandmap !!onstruction

Linkageanalysisusing themolecularmarkersandげ 19cusof few’pungent呻 it in

chili pepper (C. 夕utesce万nsX C. chinense)lwasper拓rmedwithJoinMap4 software(Vlan
・ ・ x

OoUen, 2006) undertheconditionsofth-resholdvaluesof4minimumLODscoreabove2.0.

GeneticlinkagemapwasdrawnusingM apChartsoftware(Vo9㎡ps, 2002) .

5。2. 1Vlaterialsand ]Vlethods

5.2. 1. Plantmaterials(refer toExperiment2)

The F2 population of ! 34 pl卯ts derived from a cross between C. 升utescens

‘S3212’(afew-pUngentQhilipepper) andC. chinense‘S3010’(apungentchilipepPer) was

usedforgeneticanalysis. 丿

5.3. Resultsand discussion

5.3. 1. Construction of thelinkagemap of chili pepper (C. μutescensχC. chinense)

Linkageanalysiswasdoneusingatotal of 20 molecularmarkersthatconsistedof 7

RAPD, 2 CλPS and 11 SSR markers. 0 ut of 20 molQcular markers analyzed, 13 Were

placed on 3 11nkage groups by the use of a minimum LOD score of above 2.0 and a

maximum recombinationvalueof 0.25. Thegroupsranged ǹom 1.5 to 86.4 cM in length

andcarried2 t6 9 markers(Fig. 5-1) .

84

5。3.2. Analysisof molecular marker linked totheげ locusfor thefew’pungency in the

linkagemap of chili pepper (C. Jrult

Thegeneticdistancesandorderof theげ 10cusandmolecularmarkurswereshown

in Fig. 5-1. N inemarkersweremapped inthesamegroupwithげ 10cus. However√theside

ofげ10cusindicatedinthisstudymightbenotonlylocusofげgenecontrolsthefbw-
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pungent trait but also included theother minor genesparticipated to control thepungency

n‘om Oμg・g’1DW inQTL . Byhere, iU spossibl叫 ohaveaffectedtothedistanceofmarker

linkedtoげ 110cusf1:)|rfew-pungencyofthesechili peppers.

Of thisstudy, theRAPD majrker, 0 PD 11-400, wasfound tobetheclosestmarker

linked to theげ locus. However, it had a distanceof 8. 1 cM with theげ locus (Fig. 5-1) ・

ThisresultwasconcemedtotherecQmbination 丘equency thatthismarker 41soshowed in

thelowestrecombination訟 quencyon 0.3% withthefbw-pungency (Table5-1) .

For theco-domin4ntmarker such asCAPS marker, SCQ-600 h4dadistanceQf 20.5

cM with theげ loCus (Fig. 5-1) . HoweVer, this CAPS marker wasmapped closer to theげ

10cus than RAPD marker OPQ09-1100 convened to thisCAPS marker, it connrmed that

thisCAPSmarkerwaslinkedcloselymoretotheげ locus. ThisresultalSoconcemedtothe

recombination frequency thatCAPSmarker SCQ-600 hadtherecombinationn‘equuncy

lower than RA PD marker OPQ09-1100 (Table 5-1) . For SSR marker, CAM S424 was

mapped in thesamelinkagegroup of げ locus. lt showedadistanceof 16.3 cM withtheげ

locusandarecombinationn゙equencyof 17.0% withthefew-pungency (Fig. 5出 Table5-1) ・

By this way, the distance and recombination fìe卯 ency of this SSR marker niight be 万

causedbythesmall sizeof analyzeddata. Hence, thismarkerwasfoundtohavesomelink

to the げ locusw ith some distance. A partiaH inkagemap around the げ locus̀was shown in 犬

Fig●5-1● ¥ ・. . ・・ . ・・ ・・ .
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5.4. Abstract

ln the present study, the other 2 groups also showed in the linkage map of C・

夕utescensxC c力|加lex?|・ylel, resultinlglinsomeSSR markersmappedonthelsameineaclh

linkagegrloup of thelinkagemap oI C. annuum (M inlamiyamaelrlα/.|, 2006) . Asthelresults

of thelinkagemapof C. j zjMyce心 x C. chinense, onegroupwasincludedwithCAM S090

mapped aJt a distance of 1.5 cM with CAM S855. Another one group was included with

CAM S679 mappedatadistanceof 36.8 cM with CAM S630 (Fig. 5-1) . Theseresultsalso

concemedtothepreviousresultof th6 relation ineachmarker showing inhighpercentage

ofeEichpairrelatedmarker. 十

Therelfolre, basedonthepresentstuldy, theinfolrmationofmolecularmarkerslinked

to theげ locus inight be use血 l as a source (jf PCR -based markers f1)r developing of tnarker

linkedtightlymoretotheげ 10cusof げ genecontrolsthefbw-pungenttraitin chili pepper・

Finemappingof theげ 10cusanddevelopmentofmt)reclosely linkedmarkersareeXpected

to facilitatemarker-assisted selection (M A S) in chili pepper breeding. レ

A linkage map of しhili pepp谷 (C. 升ute邱ens x C. chinense) was constructed.
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Thirteen markersweremapped on 3 11nkage groups. RAPD marker OPD 11-400 10cated

closesttoげ locuswithadistanceof 8. 1 cM . AsforthecQ-dominantmarker, CAPSmarker

SCQ-600 wasmappedclosertoげ 10custhanRAPDmarkerOPQ09-1100 fromwhich

SCQ-600 wasconverted. SSR majrker, CAMS424 waslinked toげ locuswith some

distlince. As for theot恥 r 2 11nk昭e groups, one included CAM S090 and CAM S855 and
- ・ -

皿 other included CAM S630 and CAM S679. Thesetwo linkagegroupsaccorded with the

linkagemapoI C. annuum (M inamiy面nad ㎡・, 2006) . By developing thefinemapajround

げ Iocus, moreclosely linkedmarkerstoげ10cuswill beconstructedandbeusedfor

marker-assistedselection (MAS) instablefbw-pungentchili pepperbreeding・



Chapter IV

General discussion

The infbrmation of plant genetic improvement through breeding is essential for

development of the new breeding lines. M 4jor breeding efforts on plants n)cus on fruit

traits, productivity, diseaseresistance, and theregulation of components. However, many

of these traits are quantitative, and simple selectiQn based on phenotype is not always

enbctive. M ore receUtly, the selection of these traits using molecular linkagemarkers -

marker-assisted selection (MAS) - hasbuen recognized asapowerful tool for breeding・

For the important spiceof Thail皿 d such asgalangal and chili pepperl, this infolmlatk)ln is

still insumciently studied. So, thepresent study had fk)cused on thegeneticandbreeding

conceming with the fuhctio皿 ! compQnents of galangal and chili pepper that will be

utilizedforplantimprovementandbreeding further。

For galanga1, thebasic iylfotmation on geneticvariation related with geographical

distribution was observed using cluster analysis based on RAPDs. ACA content, an

importantcharacterof galanga1, wasalsoinveStigatedinrelationtogeneticrelationship for

standpointofbreedingofhighACA contentcultivar・ ‥

On thebasisof r皿domly amplinedpolymolrphicDNA (RAPD) , thistech iquehas

been increasingly used folr determination of geneticvariability in varioustaxa. RAPD is

particularly use血1forr卯 iddetectionof divergenceandR)r identincationofDNA markers

between investigatedtaxa (Hadrysetal、, 1992) . AsSwobodaandBhalla ( 1997) used this

techniquetodetermineinter÷and intrlaspecificvaljlationof wildandcultivateld拓rmsof 魚n

nower, Scαevθ/α spp・, large genetic dimjrences 町nong these species were fbund 丘om

RAPD analysissuggesting thepossibilitylto apply thisapproach folr breeding progrlamsof

thesetaxaatbothintra- andinterspecificlevels. /
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ln this experiment, randomly amplified polymorphic DNA (RAPD ) techniquehad

been abletocluster 37 accessionsof galangal into 5 m司or groupsusing 8 RA PD primers.

ご

As for the typeof galangal, they did notmake an independent cluster. This suggeststhat

thewildtypewasdevelopedtothecultivatedtype. M ostof cultivatedaccessionsmightbe

improved n‘om local varietiesby consciousbreeding. Thewild accessiQnsmightbeusefuI
X l

for sourceof genQticvariation. As丘)r cultivated accessionsμheywereclassified intonve

clusterswithout any relation with their mo巾hological characterssuch ascolor or sizeof

rhizome. Nevertheless, theclustering of galangal wasrelated to thecollection sitein each

galangal conceming with the ACA content. These regiona卜clustering results were

corresponded to the other vegetatiye prop昭lating plantsl such as elephant folot ylams
I - - , ・

(Sugiyama省|㎡ふ2006), suglgestingthepresenceof relgional clusteringbasedonAFLP

m血 rs. 十 十

Regarding tothegeneticinfbrmation皿dthegeneticsim111幽 tylinthisstudyj twas

foUnd that someRAPD markerswereprobably linked to thehigh potentia1ACA content

fi゙om these galangals. lt may be use血1 as RAPD markers fbr plant improvement an(!

breeding. Somereportsrevealed that RAPD。markers appear to use for assessing genetic

relationships routinely by plant breeders to identify geuetic variation (Keil and Grimn,

1994tLashermesel al・, 1996; Perron elrl㎡. , 1995; Fico etaL, 2003) , 10caterelgionsof the

二 genome linked to agrono面 cally important gqnes (Reiter et i ・, 1992; M artin et㎡・, 1991;

I M ichelm ore EI/| ㎡ |・, 199 1; Pillay 皿 d K enny, 1996 ; Ochiai ど|rl ぶ ,|, 2 00 1) , 皿 d falcilitate

introgression of desirable ggnes’int6 comn!ercial accessions (StUber, 1992; Lavi er α/・,

1994). 十

Ther6fore, in the present study, the infotmation/ of genetic variation and

relationship of galangal related with geographical distribution in Thailand will be

benencial tog41angal breeding f11rther・ , 犬
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For chili pepper√C. 夕z府 g es 屈 s remarkably high pungency ( IBPGR , 1983) ・

TherewaSnot reported aboutnon-pungent chili pepper in thisspecies. Howevery S3212’

was丘)undtobeuniquetofbw-pungencyin C. 夕utescens. So, thisstudyreportedaboutthe

i油eritanceoffew-pungenttraitinchilipepper‘S3212’ (C.夕utescens). Thesegregationof

capsaicinoidcontentsin面 interspecmcbybridof chili pepper ( (; . 夕utescensx C. chinense)

revealed that the few-pungency in thesechili peppers iscontrolled by a single recessive

genemainly.EventheF2populationdidnotconfolrmtotheexpected3: 1ratioj testimates/

that someof minor geneSalso participateto control thepungency trait in QTL . 0 wing to

there was no individual that had complete lack of c叩 saicinoid, the genq controls fbw-

pungenttrait, げ gen6, isdi函 rentnòm q enethatcontrolscomplete叫 k ofpungency in (二

annuuln(Deshpandej 935; DaskalovandPoulos√1994).
4 .

For the isolocustestbetweenザ 10cus皿 d C locus, CAPS marker SCY -800 11nked

to the C locus was used (M inamiyama d α/・, 2005) . A nalysis in the relation between

pungencytraitandCAPSpattem linkedtoC locusinF21ndividuals, itshowedthatthe

CAPS pattemswere¥notrelatedwith thepunlgency inthesechili peppers. ltconfirmedthat

the gene controls few-pungency, 皿 mely げ genQlouated diffbrently 丘om the C locus. lt

alsoillustratesthattheげ locusisdifferentfrom theC locus. 上

Furthetmore√three RAPD markerswere found t9 11nk¥with the few-putlgency in

these chili peppers. lt was clear that the few-pungent trait in゙ these chili peppers was

controlledmainlyby singlerecessivegene, nanielyげ gene. Howeverj hereisnoevidence

gf that singlegenelocatesontheげ 10cus. BecaUsethesethreeRAPD markersshowedthe

1 ・ ゝ . ■

recombinationn‘equencyconcemingtothelinkagedistatlcewiththeげ 10cUsli吐 edtofeW-

pungency inthesechili peppers. 0nthecontrary, theresultsalsoassumedthatthefbw-

pungenttrait in thesechili pepperswascontrolledmainly by singlelTecessivegenewith the

other minor genesparticipated to control thehigh contentsof pungency in QTL with the
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wide range of capsaicinoid from theJowest to highest content. By thisway, some few-

pungent inldividuals that were¥colntrolled by polygene in QTL were included inlthe fblw-

pungentgroup. So, thereason of pungency segregation ratioin F2populationthatitwasnot

nttotheexpectedratio3: l mightbecausedfrom theeffbctofminorgenes(Ben-Chaim d

㎡。, 2006; Blum etalo1 003) orenvironmental effects(阻lrvell aildBosland, 1997; Zewdie

and Bosland, 2000b) . However, these thrleeRAPD markers connlrmed thellink昭eto thel

few-pungency inthelsechili peppers. Theconfirmationof asinglelgene(げ gene) controlled

few-pリngent trait isdif狗rent丘om cgene皿d somemechanism concemswith theげ gene

weredescribed. lt reinforced t1!at thefew-pungency in thesechili pepperswascontrolled

mainlybyasinglerecessivegene, namelyげ gene・

‥ l n a d d i t i o n s , t h e i d し n t i n c a t i o n o f m o ! e c u l a r m a r k e r m o r e l i n k e d c l o s e l y t o t h e げ

geneattheげ!ocusforfbw-pungency, RAPD, andCAPSmarkerwereanalyzedwiththe

parents and F2 p6pulation. M any markers Were used√りowever, they also showed the

recombination h quency with the few-pungency. Even the CAPS marker SCQ-600

converted ǹom RAPD marker OPQ09-1100 wasdevelopedto link closely moretotheげ

10cusj talsoshowedsomerecombinationfrequencywiththefew-pungencyj ndicating

thatthemarkerhadsomelinkagedistance丘om theげ locus. ト ト

Regarding to SSR markerバ his markers are PCR-based marker that have been

developed inmanyplantspecieslj ncludingmostmEりlorcrops, suchasrice, maize, sorghum,

wheat, andbarley, aswell asvegetablecrops(M baenz/。 2001; Suwabeetal,ユ 002; Chiba
● ・

et al。 2 003) . SSR markers 畑 ve the advantage of a high. reproducibili抄 w ith high

variability and potentially .increasing both reliability and resolution (W im etal.,2008) . lt

can been showed in multij lelic, highly polymorphic, and co-dominanti and havebeen

developed andused for thegeneticmapping of solanaceousvegetablesj ncluding tomato,
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potato, and eggplant (Broun and Tanksley, 1996; Smulders uXα/・, 1997; M ilboume er ㎡・,

1998; Nunomeenz/・, 2003) . 二

ln thisstudy, the SSR markersalsowereused to analyzein theSSR-based lil!kage

malj in chili pepper. Using these 17 SSR primer pairs in 134 1ndividual plants of F2

populationj tfi:)undthat1001ndividualplantswereapproχimatetobeamplified, however,

0nly 10 primerpairsshowed thedif範rentia1PCR amplincation in a110f homozygousand

heterozygous pattems. lt suggested t!lat some DNA h gment might be broken during

processofDNA extractionbymachineorthecondition.ofPCR mightbenotsuitat)1e丘)r

amplincation. M oreover, some polymorphic bands might be had the nucleotide

p01ymorphism difTerently in l-2 basepairwhich couldnotbesepariltedwell in thegel by

electrophoresis. lt suggests to the other method such as sequencing for detecting the

diffbrences/ 十

Furthermorel, somereportsalsorelvelaled thatthelow level of DNA polymlorphism

in crop species is an obstacle to applying molecular marker technology in breeding

programs. Selfl・lincompatible 召r心・yljlcα crops tend to show highl levels of polym19rphism

amongbreedinglinlesanldcultivars, whereasothercrops, suchaseggplant, soybe皿, 皿d

cucumber, tend to show low levels of polymorphic loci within each species (M augh皿

び ㎡・, 1996; Brtldeenetd ・, 2001; Nuliomeetal。2 001) . Thebreeding linesof sweet卯d

ho‘t. C. annuum also show low levels of polymorphism (M inamiyama d ㎡・, 2006) ・

Thereforej nterspecinccrossesaresometimesUsedforniappingpopulationsintheselow

polymorphic species. ln thepresent study, although an interspecificc170ssing wasused, it

showedthelow level of polymorphism. Leed ㎡. (2004) describedthatthelow numberof

prim・jr pairs used renects the low polymorphism. 0 ther problems mi油 t be related to

technical aspectslthat somelof the SSR plrimer palrs amplified poor or non-reproducible

bands, and others sometime amplined more complex b血ds but were Uot suitable for
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markers remained no linkage in themapping. lt miふ t be causedl o Uo enj ugh data f9「

scoring alleles, as described by Roder eXα/・, ( 1998) . Thereforej n the present study, it

suggeststousemoreprimernumberstodetしctthehighpolymorphism linkedcloselymore

to the fbw -pungency in thesechili peppers ( C. 夕 utescens x C. 廟 加四 認 ) 。

ln thisstudy, within 10 SSR markersj t suggested Somerelation of SSR marker in

the linkage map oI C. annuum (M inamiyama et al・, 2006) such as CAM S090 and

CAM S855; CAM S630 皿 dCAM S679. Thesemarkershavepossibilityltomlap onthesame

in each LG of C. 夕厨a ce旭 andC 油加e加召combination. However, these 10 SSR pritners

were not so relation with pungency trait, immature fruit color trait, 皿d CAPS markey

linkedtoC gene. Approaφ i)f thし SSR marker linkedwiththe畑w-pungentgene(げ gene)

in these chili peppers↓the combining data with sequencing is needed to clarify the

discrepancies. 二

Owing to infolrmlation on linkagemap isindispensablefk)|r elucidatinlglquantitatlive

trait loci and obtaining linkagemarkers, molQcularmapping of chili peppQr (C. 夕utescens

xC. chinense) wasconstructedusingRAPD, CAPSandSSRmarker. Among20markers

mapped, 9 markersweremapped in thesameli政 昭egroup with theげ locuslinked toげ 二

geneforfQw-pungency; 4markersweremappedintotheothertwolinkagegroups; and7

94

linkageanalysis・ ..

/ I I

ln this study, RAPD mal̀ker, 0 PD 11-400 wasthecIosestmarker mapped with the

げIocus. However, RAPDmarkerisdomin皿tmarkerthatCouldnotbeusedtodetectin

heterozygous. S0, RAPD markqr OPQ09-H 00 showed theclear and reproducibleb皿d

wasconverted to CAPS marker SCQ-600. The CAPS marker, SCQ-600, wasmapped

closertotheげ IocusthanRAPD malTkerOPQ09-1100. 1nhere, althoughthisCAPSmarker

showed theIow recombination n゙equency likely tothecIosestmarker of thisstUdy, itwas

not the c10s呻 marker seemly mapped w ith the げ Iocus. M okrani et al. ( 2002) described in



manynlctorastothenatureof thepopulationstudied, thenumberof individualsandthe

numberofmarkersthatmightchangetherecombin4tion丘equency andinconsequencethe

distancebetweentwoloci.

0 vercoming in low polymorphism is a key to marker technology, AFLP is a

powerful technique with which to score a number of polymorphic loci in a single

experiment(Vosd㎡・, 1995). Soj nthisstudyj tsuggeststousingtheothermarkersuch

asAFLPoraddingthenumberofprimer, morlelinfolrmationwill beavailableanldusefu1R)|「

detecting of moledular marker linked closely more to the げ 10cus for few-pungency in

these chili peppers. Fine mapping of げ locus and development of more closely linked

markersareexpectedtofacilitatemarker-assistedselection (M AS) inchili pep勁 rbreeding・

Beyond theGeneticand Breedi賭 Studieson FUnctiona1Componentsof GalangaL

anldChili Pepper, theinfolrmatio!110f galangal andchili pepper inthepresentstuldy will be/
へ ■ ■

χ I 。 ・

beneficial toplantimprovementandbreeding fTurther.
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Chapter V

Summary

Galangal and chili pepper arethehighly potential plantsthathavea lotof benefit・

Studieson such thesetwopl血tshad been reported, however, the information of genetic

improvement through breeding in galangal and chili pepper (Capsicum 升utescens x

CaPsiuum chinense) is still insumlciently stuldied. This inlfolrmation is essential folr

developmentof thenew byeeding lines. SQ, thepresentstudywasuhdertakentoanalyzein

geneticof galangal andchili pepperbasedonmolecularmarker forplantimprovementand

breeding. 二 ¥ 二

1 . I ・ ■

Galangal (洲Piniagi angaWilld.)j tsrhizomeisusednotonlyasacommonspice

for navor soups and many other di幽es but also as a medicinal and aromatic plant. 1’-

acetoxychavid01acetate (ACA) isoneof principal ingredie皿sin rhizomeof galangal that

hasalotof benefitsuch asanti-tumor (Kondoetal・, 1993) andanti-filngal (ltokawa ・?r㎡・,

1987). Manystudiesonsuchingredienl卜ofgalangal hadbeencarriedout, however, there

was little infolrmation about genetic rellationship of galangal available folr systematic

breeding. 尚 ¥ 十 十

ln eXperiment l “Genetic RelatiQnship of Galangal (ン4/砂 心 加 /佩 g・7 W illd.) in

ThailandbyRAPD Analysis”, 37 galangal accessIonsweyeused. 0 utof 22 RAPD primers,

eight primers produced a tota1 0f 73 p01ymorphic bands. A dqndrogram constructed by

UPGMA methodusingRAPD dataclusteredtheacceSsiQnsint0 5 majorgroupS. Therewas

no relation betweenm耐or cIuster and typeor niorph010gical characterssuch assizuo「

c010r of rhizome. But m4jor cIuster had some relation With their c011Qction sites. Two of

fivem司or cIusterscorresponded to threeregionsof Thailand with theexception of some

acce叩ions. These results were a1so concemed with the quantity of ACA contentl; . The
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μg°g‘1

largest cluster (No. H ) included the accessionsc(jllected 丘om central and eastem region・

Some accussionSof thiscluster had high qu皿tity of ACA contents. Another cluster (No・

I ) includedtheaccessio芦collected丘omnorthemregionandmostofyaccessionshadlow

quantity of ACA contents. The specific RAPD bandsprobably linked to the quantity of

ACA contentswerep17esented. Thesebandsmay bQpotentia1RAPD inarkersf1)r screening

ACA content and will beused in marker-assistQd se1Qction (M AS) of high ACA conteht

galangal brQeding. ニ ノ

Chili pepper, C叩吋cμ堺 戸z旅∫叩心 is known as a pungent chili pepper species・

However, a linely S3212’ (C、夕utescenめ showed very low capsaicinoid contelnts, namely

fbw-pungency in the fruits (M atsushima en 7/.√2004; Kol! isho et al・, 2005a) . This few-

pungencyisuniqueto‘S3212’becauseallotheI C.夕utescensaccessionshadpungentfhlits

withhighcapsaicinoidcontents. :

ln experiment/2 ゛lnheritance of Few-pungent Trait in Chili Pepper ‘S3212’

(C停’・y泌μ房泄z旅心四∫)”, thepungent accessionsof C. 油加四心 ‘S3010’ (P1, 44,581

DW), fbw-pungentaccessionsofC≒斤utescens`S3212’【P2, 5μg’g’】DW), FI (P2)( PI,

97

4,967 μg’g’IDW), F2andbilckcrosspopulations(BCPs) wereus帥./Capsaicinoidci)ntents

were measured by using HPLC method. For capsaicinoid contents, 134 F2 plants

distributed closer to few-pungentparent ‘S3212’ (P2) than topungentparent ‘S3010’ (PI)

with rangenòm thehighest20,547 μg咆’IDW tothelowest5 μg°g’1DW . Andtherewasno
χ.

i)1叩t that had completenon-pungency (Oμg・g‘1DW). TheF2 and BCP2 po卸lations1

separatedintotwogroupsbycapsaicinoidcontents, respectively. 0 tlewasthefew・pungent

group(capsaicinoidcontentislessthan100μg゙g’IDW) andanotherwasthepungentgyoup
ご

(> 1,000 μg・g‘IDW). Thesegregationofcal)saicinoidcontentsinHPLCdataindicatesthat
, ・ ゝ

few-pungency in thesechili peppersiscontrolledby asinglelTecessivegene. Therewasno

individual that had complete lack of capsaicinoid, the ,gene controls few‘pungent trait



called temperately asげ genein thisstudy isdinbrent from cgenelhat controlscomplete

lack of pungency in C. annuum. Then, isolocus test between げ locus and C locus

cgntrolling capsaicinoid production xvascarried outusing cleaved amplified polymorphic
・ ゝ

sequence (CAPS) marker SCY-800 11nkedto theC loc郷. Thesegregationof CAPS

pattemswasappropriate. CAPS pattem and few-pungency werenotrelated, so theげ 10cus

isdiffelrent from theC locus. Furthermore, usinlglabulk segrlegation皿 alysis, thjreeRAPD

markers linked to the pungency traitバrait as the allele of fbw-pungency, in these chili

pepperswerefolund. Thesethjrleemarkersconfirmedthelinkage/tothefelw-pungencyin

these chili peppers. lt reinforced`that the fbw-pungency in these chili peppers was

controlledbyasinglerecessiVegene・

ln experiment 3 “Genetic Analysis of M olecular M arker Linked to Few-pungent

-w ■ ■

Gene in Chili Pepper (Capsicum夕utescens)”, RAPD and CAPS marker wasexamined in

134 plants of F2 populatioU (C. 夕utescens x C. chinense) . A bulkQd segregation analysis

㎜ ■ y

wasconductedusingthe480 RAPD primers. Sevenb鉦dsdesignatedOPB01-350, 0PD03-

350, 0PD11-400, 0PQ09-1100, 0PAD05-400, 0PA103-1000 and OPAN17-550 were

amplifiedin ‘S3010’pungentchili pepperandinthep血 gentbulkjAccordi賭 tochi-square

tests, thesegregationof pungency皿dRAPD markerdidnotdeviatesignificantly介om the

expected3: 1 ratio. RAPD markersweyefoundmoretoli旅 withtheげ locus. Nevertheless,

they showed the recombination ǹequency in 10.3-28,7% j ndicating that they had sonie

linkagedistancewiththeげ 10cus・

Developmentof themoreclosely linkedmarker, RAPD marker OPQ09-1100 hada

clear and reproducibleband was converted into a co-dominant CAPS marker√SCQ-600・

ThisCAPS markerwasfolund to link closelymoreltotheげ 10cus, howevelrj t showed the

recombinationf1‘equency 10.7% indicating somelinkagedistancewithth吋 10cus.
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ln experiment 4 “A nalysisof SSR-based LinkageM ap in Chili Pepper”, seventeen

SSR primer pairs from 259 primer pairswere usedj n 134 F2 plants (C. 夕utescensχC・

chinense). ltfoundthat100 1ndividualplantswereapproximatetobeamplified. TenSSR

markerswerefoundtobedistinguishablehigh-pungentandfew-pungentpattems, however,

closerellationshipwillth fblwi )ungencywasnotdeterminled. Somepairslof SSR markers√the

linkagewaSobservedwithhighpercentagesame4sreportedinC. annuum byM inamiyama

et al. ( 2006) . This indicates that linkage map of C . 夕 utescens 冪 C . chinense in this

experimentmaybeuninedwiththato1: C. annuum. = 二

ln experiment 5 “M olecular M apping of the げ 10cus for Few-pungency in Chili

Pepper(CaPsicum升utescensxCaPsicumchinense)”, bag;ed(1)ntheaboveresults, alinkage

mapofchili pepper(C.夕utescensxC. chinense) wasconstructed. Thirteenmarkerswere

mapped on 3 11nkage groups. RA PD marker, 0 PD 11-400, was found to be the closest

marker linked to theげ 10cus. lt had a distance of 8. 1 cM with theげ 10cus. For the c9-

dominant mark6r, CAPS marker SCQ-600 mapped closer tQ the げ 10cus than RA PD

marker OPQ09-1100 converted to thisCAPS markerj t confilrmedthlatthisCAPS marker

waslinkedcloselymoretotheげlocus. Holvever, ithadadistan叩 of20.5 cM withtheげ

10cus. SSR marker, CAM S424 alsomapped inthesamelinkagegroup of theげ locuswith

somedistance. For the other 2 11nkagegroups in this linkagemap (C. 夕utescens x C・

chinense), oneincludedCAMS090 andCAMS855 andanotherincluded{ ;AMS630 and

CAM S679. These two linkage groups accorded with the linkage map oI C∠annuum

(Minamiyamadl㎡・, 2006)。

Blalsed on thelpresent stuldy, thelinn)|rmation of molecular markerll;111nkeld to thelげ

locusmight beusefill asa sourceof PCR-based markersfor developing of marker linked

tightly more to the げ locus of the げ gene controls few-pungency in chili pepper. Fine
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mapping of theげ locus飢d development of moreclosely linkedmarkersareexpectd to

facilitatemarker-assistedselection (MAS) lnstablefew-pungentchili pepperbreeding・

Theref1)|rel, theinfolrmlation based on “Geneticand Breledinlg Stuldieson Functio皿 I

Componentsof Galangal and Chili Pepper” ǹom thepresent study will beuse血l for the

improvementandbreedingof galangal andchili pepperfilrther.
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