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FE P AE R ERSE 0 ~ Bekn KBS - HAEE 3 ff - R KEFERILEYN G » KR ER
RBIZIN %GRS - W TIEEEMEE | A O AR > PO AERE - UK SED
AE - AREEFENLENERHEIFEFEENLE - TENERRKAREGROGNERE
Mo BIRTHIEENE > B E LA EE B 2GS AR E R EEE BEY -

NG R AR R 0 15 2 B % (methionine) 81 = 85 % IR 7 (ATP) 4% EHSAM & ik [
(S-adenosyl-methionine synthase)f {b & 4= SAM > 5 SAM#E ACCE FX i (1-aminocyclopropane-
1-carboxylate synthase)ff{LZE4ACC > fIACCE LG RTHEY) > HHACCEALEF(ACC oxidase)
AL ZNF Y o Hp ACCE RBf /2 P2 i H (8 i FE R RS R 2 > NIL S THIEYIACCE
i Bt 5 PR Ry % B 22 AR ST ST Y H R - B AT A 37 2 (E YR ACC & BB 5 R 1 Bl o 228 T
(8,9,10) ,

TEFLHTACCE RHE T » BIYME 3 Ttai S AE 1999 B85 T 2 ACCE EBR Y EL A » 73 il 2
PPACSIFIPPACS2Y » i ££ 20034 43 Hll 1 ¥ PPACS 1 FIPPACS2 £ [ 2% 5+ I 4HCAPS (cleaved
amplified polymorphic sequences)sr Tz » Sfi 44 By AKE DR BE R BAEE R FEAY 43 A58 » A #7
FH 55 6 T 22 78 8 S T e PR i B 22 V) 3B R B Y 1 5 0 R T T AOH o v ARG DRI R 1Y S P RE PR Y
Ry AARIAa » [EME Fyaa s BESRIBEAY B4 AL R Ry BBRIBD » [E 1 Fybb o & FE HRAY AKL R BE AL R
B R M IR B 206 & AR S (M AAbbEC Aabb) » 75 ABEPR B Ky b 14 T B[R] B2 By B M ({0 aaBb
aaBB) > RISRE N GG KR AP - 352 ARIBW (E 77 T st 2 R B Ry BE 1 (20 aabb)HIl 2
J7 BAR© - Ttai S AE 20055 F1 F_E 4 Y CAPS /7y Tk 58 pl 32 S fE Ay R (N A g8 2 ) > A6 £2008
EEEFS2ETE MR B YRR A > B R GENZGERE 2 REAY & -

43 ¥Rk B 358 ff (marker-assisted selection, MAS)E T HERAEY) L B SE0Y B IS 2,
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AR AR AT AT 8 W B R 2 7y 1568 0 $t8 TR, - TR
e 358 AT Rt LLIBLAF 1% &7 EETTAgOR > DUSAIS fig it 2 {8 L Al Y ACC & B A IR AR R A
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Smart LabAssist-32f% [ %5 HU (B BEZ=0K A F] > Taiwan)ETTDNAFEH > $#0F A B A< HE 78 i (5
Fi - > EZHLZ DNARLERY-20°C JKFE#EH -
BEBREHENE

TG IR 2 H B S E (PCR)(E FH AV S Ky Fast-Run Taq Master Kit CR LR AEYIRH A
PRAE] - 278) > SR IERTE 25 uL M40 ng DNAK0.4 uM5[F- » #8555 —fr
T RS | T EEERME G CRE B YRR R G AR AE - Z8) » [ER S FGeneAmp
PCR System 9700 (Applied Blosystems USA) » PPACS1EHEMNPCRZ FE A 594 C 3475 >
FEEIGIRA0K 94°C 60T ~ 60°C 60F) ~ 72°C 90F) - 1B 272°C 1047§% » PPACS2E R E Y
PCR}QVTM&F?%% C 3478# » BEEIEIRA0 94C 60F) ~ 55°C 60D ~ 72°C 12080 » H{&/ET2
C 1047%#% > #5475 FE (annealing temperature)ﬁ%%ﬁ?ﬁpkzxﬂﬁ‘ﬁ ¥ - PCREYILLI1.2%
BB E ﬂ#ﬂéﬁ?%ﬁ EER/NERIENE » REVER S EMETRENEZVIEIKIE -

T AXEE AT ERATRAE CAPS 5 5 F5

Table 1. Two CAPS primer pairs utilized in this research

Code Sequence

PPACSI1-F 5’-GATGAAATAAAGTCCACAATCAAG-3’
PPACSI-R 5’-GCGTTTCTGCATAACATGCG-3’
PPACS2-F 5’-GTCACAGAATCAACGATTGA-3’
PPACS2-R 5’-AGTAGAACGCGAAAACAAAT-3’
BR&EIEE R E R FEELE K AT

A B ER F Y PR 4% 2% B HindIIT (New England Biolabs, USA) - [EEE 520,000 U/ml »
FF 1 uLly HindlIDARE19 ul PCREVIE S » £37°C K EA/NEE » P E| IESE R 1% LL1.2%IE
BiEfTE K > BT -
RET A

58 R E FUx A LB F R AV R B AR 1% > $% A Chi-squarei T B & H R AN EE B
EREREE B W B A EEEASRE SN T AELE WEREEEEE

fm R
AR R ESBE R E 2 5 F BRI R

AT ARIZEAE e > AZRAEATPCRIGIE ZEY) F52.2 kb IE R ER » B B ARHEEA -

RIS nE A% s B B g U 2 7 42 1.57 kbF10.63 kbAYIZEE H B » % BaBE 2.2 kb AR - B

BN FEAYPCRIGHE i BL £52.15 kb » BEEPREEFS Ry BB L R 408 H B g #i V) B ZE4£0.35 kb -
0.83 kb ~ 1.06 kb}z1.18 kb¥ 5 Ef » 5 FsbE £ 111.06 kb 1.18 kb A 57



78 EHEEEN RGIEEERE —— /W

TEARREEAVES 77 AR B Ay &5 A1 B — s > Bt @ B R B 55 hil 2 LR (Ax)
K FL (aa) ~ 3E/KFL(aa) ~ WEFL(aa) ~ EF 155 (aa) ~ ZF255(aa) ~ ZH355(aa) » Mi358(EF,
%Y E T efEAE R - AR ALY BIEF-60101 (aa) ~ Fi-60102 (Aa) ~ F1-60103 (aa) * F;-60104
(aa) ~ F1-60105 (Aa) K F-60106 (aa) o H b & /K BRI 52 7K BN JE PR 2R A 45 SR B ip A A A 5T A
/o MKBEEEEEEA THELR ) AZ 2R ERE - IhIER R R B LR R
HF BCHEARAE AT o FEF & 7% H aakb PRI Y Ay HH B o] DAHE S LI A9 2L R By Aa -

BAL Rl 1Y st B 45 SR A B — P o RS s A LR A R A L L FL (Bx) ~ EI/KFL(bb) ~ E/KFL
(Bx)~ ZEZFL(bb) ~ ZH 157 (Bx) ~ 2= H25% (Bx) & 2 T 3598 (Bx) » M1358{E F, 1% %7 Y H o fEFE % >
HEL R B3 IR F-60101 (Bx) ~ Fi-60102 (Bx) ~ F1-60103 (Bx) ~ F1-60104 (bb) ~ F;-60105 (Bx)
K F1-60106 (Bx) o H i 8 /KFLFISZKBLAVE R A B FElE » IR ARG ERE - Bl
SR EART AR ZEAE AT » R LEY ~ 32/KEL - Z 15k - E 25k R E= 3ok Al 2 B A AV &
A FHEARIAA G 25 E b - HAOERAERE bb o M LFL Y EEE A fBx > Fif
HH 3R bbEE R RS BT AT s s LI BL Y ER R RS B BD

12 345 67 8 910 111213

AX aa aa aa aa aa aa aa Ax aa aa Ax aa

[l — ~ A FEREES [T B3t H B E RAGT L 6 {8 F) fEPR 2 HIEREEIR - RN MR
PE(A)ELREME(a) » S T8 SRR R TE 1 2 13 K Bt LIBL(AX) ~ 87K (aa) ~ 2
7KE(aa) ~ 21EHL(aa) ~ 2 1 §f(aa) ~ 2 2 §f(aa) ~ ZF 3 §f(aa) ~ F1-60101 (aa) ~ F;-60102
(Ax) ~ F1-60103 (aa) ~ F;-60104 (aa) ~ F-60105 (Ax) ~ F-60106 (aa) °

Fig. 1. The results of PCR-amplified products by primer pairs for A locus, the capital letter “A” means
dominant and the lowercase letter “a” means recessive genotypes. The lanes number from 1 to 13
represent pear varieties Heng-Shang (Aa), Hosui (aa), Kosui (aa), Ru-Yi (aa), Taichung NO.1 (aa),
Taichung NO.2 (aa), Taichung NO.3 (aa), F1-60101 (aa), F1-60102 (Aa), F1-60103 (aa), F1-60104
(aa), F1-60105 (Ax) and F1-60106 (aa) respectively.
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12 3456 78 910 11213
Bx bb Bx bb Bx Bx Bx BxBx Bx bb Bx Bx

[ ~ B ARREE SR A RS AR 6 [ Fi AR 2 HEREE R - FFRER/NE 79 B AR BB R
M Horp g andEr AR R AR 1 2 13 fRFr Ry LLEL(Bx) ~ B/KEL(bb) ~ 32/KEL(Bx) ~ 41E
Fl(bb)~ Z 1 57(Bx)~ Z 1 2 57(Bb) ~ Z* 3 5%(Bx)~ F;-60101 (Bx) ~ F;-60102 (Bx) ~ F;-60103
(Bx) ~ F1-60104 (bb) ~ F;-60105 (Bx) ~ F;-60106 (Bx) °

Fig. 2. The results of PCR-amplified products by primer pairs for B locus, the capital letter (B) means
dominant and the lowercase letter (b) means recessive genotypes. The lanes number from 1 to 13
represent pear varieties Heng-Shang (Bx), Hosui (bb), Kosui (Bx), Ru-Yi (bb), Taichung NO. 1
(Bx), Taichung NO. 2 (Bx), Taichung NO. 3 (Bx), F-60101 (Bx), F;-60102 (Bx), F1-60103 (Bx),
F1-60104 (bb), F;-60105 (Bx) and F,-60106 (Bx) respectively.

MBXREILZF BEEKD FIREEHB)EE

ARG B P AR Y R SR B B A0 B B LLIBL YR R RE - SE358ME BERR - B Ry 20074 & 7
SCHIFE IR » & BE IR R AR A 7 A 4 SR AR o > 53 731 By AaBb:6 11k ~ Aabb:102f% ~ aaBb: 144
PREL Kz aabb: 51 » FTAGEEBI 7 Bl R517.0% ~ 28.5% ~ 40.2% LA f2 14.3% « FEFT AR R R A 45 51
AR HY AR R A Fyaabb » MifELLFs AxBx » KIF, 1% & H1 37 51 fkaabb L RAYAYFE R - HHIEE AT LA
Fln e LBy N Fs AaBb ©
R PR A - B BRSSO B R LAY F) R 2 SRR Ty
Table 2. The genotypic distribution derived from the recombinant F, population of the cross between

Ru-yi and Heng-Shang

Genotype
AaBb Aabb aaBb aabb Total
Plant number (%) 61 (17.0) 102 (28.5) 144 (40.2) 51(14.3) 358 (100)

163 (45.5) 195 (54.5)
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AN YW FE 45 H b — AR R S A i 8 > A sk P Y 4FE F 1% 5 A5 R AU 43 B EL Fs 61 AaBb:
102Aabb:144aaBb:51aabb » 4% 5 0] | F Chi-squarels B #5 6 & It FR S RS R B 8 120 8 - B
S 2 B b HI 45 B B XP=48.01 > 3.84 (a=0.05, df=1) [ 7 51 A BB AL PR R Tl 8 40 il A B 55 i e
EAAE — L o 7FF 18 SRkt » AbRIBLaBRI AL (5] BH B = 1 ABRIBilab Y » Foomisi (5L
RSB Ry " ABLbEGH H aBABHEH | > BEAHARR31.3% o AR HEGHE T ARBBIEG T4
RIS 8 F A DR =Fr -

RuU-Yi Heng-Shang
a a A
b X b 5 parents
0 y meiosis
1<l X gametes
I
ﬂ. fertilization
a A a a
b B Fi

[ = ~ 40 X AR EC BB F) AR R AL SR B TE] - ReLl 2 B Ry AaBb » A B b Hi5H H a
B B HH - AL Bl AR By ab o SR A IR > 2T T A (crossing over) [T RS » FE[E
o DAYERES BRI & TR T AT ARAYEL Y - LERIH T HARIATE - [ aabb AU F, FyisE
TEEAE -

Fig. 3. The illustration of the genotypes formation of the gametes and the F; based on the cross between
Heng-Shang and Ru-Yi. The genotype of Heng-Shang is AaBb, and “A” is linked to “b” whereas
“a” is linked to “B”. The gametes of Heng-Shang which belong to “ab” were generated by crossing
over during meiosis. The spotted cells represent the gametes and F; generated by the effect of
recombination. The genotype “aabb” is the idea type to breeders.
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= OHF RIS R - TR S 28 G CE AV A R (ABELAD) HA45.5% » ?ET%-LEP%?Z%
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Application of ACC Synthase Gene-Related
Molecular Markers on Pear Breeding'

Ray-Shin Chang and Chin-Mu Hsu®
ABSTRACT

The storage life time of pear fruit is a very important factor that affects the price.
Ethylene is the most critical plant hormone that participates in the fruit ripening
mechanism. Previous studies showed that the ACC synthase genotypes of pear varieties
affect their ethylene production potential, and two ACC synthase gene-related CAPS
markers have been successfully developed. The functional markers of PPACS1 and
PPACS2 genes are named as A and B markers respectively. When the genotype of A locus
is dominant, the tested variety is predicted to be high ethylene producing potential. When
the genotype of A locus is recessive and B locus is dominant, the tested variety is
predicted to be moderate ethylene producing potential. The ideal genotype is aabb in
which the ethylene producing potential is predicted to be low. The aim of this study is to
apply these molecular markers on the pear breeding and to examine the genotypes of the
local varieties that are often utilized as parents in breeding plans in Taiwan. The results
show that the genotype of the variety Heng-Shang is AaBb in which the two genes are
linked in a repulsion phase. The number of the offspring plants with aabb genotype in
Heng-Shang’s progenies is controlled by recombination rate during meiosis. The results of
genotyping of F, progenies derived from Ru-Yi X Heng-Shang showed that the
proportion of AaBb, Aabb, aaBb and aabb were 17.0%, 28.5%, 40.2% and 14.3%
respectively. The information revealed in this report, including the genotypes and linkage
model of the parental varieties, is critical for pear breeders during strategic planning in
Taiwan. Moreover, the 51 F; individuals with “aabb” genotype could be the potential

candidates for new varieties.

Key words: Ethylene; ACC synthase; marker-assisted selection.

! Contribution No. 0803 from Taichung DARES, COA.
? Assistant Researcher of Taichung DARES, COA.



