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A (Cucumis sativus L.) FyEARERHH NS —FAEMHFY) - (RIBRZ G R ERT T
GEILEUR 0 106 FEEHTCRES IR £y 2,029 A » R BRI R Fr o ~ ST B MRS
@&l BEEKAFTEENCHGL - HITEZEHHNZ 25 #EH AR - mkkHARmfEsf
oyt S R S e B VA T TR N AB R A1 L -

WA BEA RIFAVHEEESS H 4 E R CE IR tE KA - RIEE A4 MK e
RELL—R (F) #LHIEE R - 81— SCERREBR & vt BA 2 ETCRR
(gynoecious) FHPERY H A 2 MF R BEA - HITEGE #5 H 2B IURIAY {58 AR 2 A2 B A e MEfE R
MEEIREA > DA SN — (RS LT o AT NI EMEFRR A 52 84 RIREATE > 5t
FRE R HEFOMR B S A BE Z IR O HI (E A5 E o) B fras — AR S ERIE P B S80S T
ST o NI - SEFNBER TR A B T e AR E P — SR S -

DRI e ZE T (A SR MERYRR I 702 (grow out test, GOT) AR THEAC B F-HY4H
FEETE » L7757 B MY R 2 AR Y SN 2 A T i IV i B
FEMER RO A RENMRIERG B - (E Al B FERS B 5 2 BRI s B P (R AL AR I Lfﬁ
RAEVIF i AES K - DNA 73 F RS A EE IV EZ T A - A8 DNA 7> F1EadiE
A R Y Al SR E A B TR e i I R B -

45 KR EF (next generation sequencing, NGS) £ filTHY% F {15 DNA 4 THEEERY
SRR AR - i NGS 73Ry - iH9T A B DUR AR E N E S K EEYImiERHY DNA
FrlEaH - #EILRAEE DNA 73 FAE5E o Ky 7B NGS HAB#5 DNA Jr FAESER IS sA
Baird 25 A_(2008)"" BH&E 4, T LARRHIEG (7 BEAZE 7024 (restriction-site associated DNA, RAD) 3
FELE FP VA RS - 2 R BRSO N ET B AR (LA R B8 Y 7774 2K BA 48 DNA 77 1%
=k 5 41 : genotyping-by-sequencing (GBS)™ » Eil double digest restriction-site associated DNA (ddRAD)
a0 ,

A5E#EH ddRAD HYFE(LERAG )7 51T BIA YMH N GafE Y NGS 734 - & K EHY
¥ 7 B DNA € Fp &b T anfE A A . EE ¥ » B8 Hm] R de BTSN — RS I 2%
OB — I E W % B (single nucleotide polymorphism, SNP) 73 #5518 » #2 » I ATERS
A% 0V FREEE R R KASP (kompetitive allele specific PCR) 43 F1EEE » AR &R 354
T 20 4H A {5 A Y QuickExtract Plant DNA Extraction 5875 (Epicentre, Wisconsin, USA) FrfHZE
HYAY DNA £ 5miy KASP 73 F 258 » DLHESE & AR HORE 2B B 17 0 A R Ay R S fd 4
g o

MR TR

—~ 25{EAN M 1EE DNA Z2HY
AT FEBERL 84 (8 B AN anddE / 2 (R 64 (B/NEHIAR A 2 ~ 19 {EIAEA N andE )
HETTEA N KASP 5y Tt HIRH S - SBAGERHY AR NER 1 - B TS SR
{EFGHT DNA » FirA 23R anfE S fEE 4 ~ 8 ik FAEHIEEoF — R B AL — R EAS -
%3 CTAB J57% © $lHUEH DNA © Fii75 DNA £ 52258 S04 7 DLAT e e st e T8
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B WESEREE 20 ng pL' 1% > FRETT R E R 5378 KASP 43 FAEZERTE
PRI HRHNE o BhAh - FAFIPE R EEEL 30 {# /N — A HY PG 25 dn e - RS —
B 1% — F 49 25 mm® A9 DL QuickExtract Plant DNA Extraction kit 75 2 fifj & I
DNA » F2K 5347 25k KASP 73 FREGE A AL E DNA R T AV R B E R 45 5 » DNA
FEEEUT A — VIR BR R B2 L B2 1T -

T 1 25HY 84 (HEIPER AL TE S EE A E R

Table 1. The detailed information of 84 cucumber cultivars used in this study

fE B LR SR e e AR ]
C01 ~C19 EFEELS SEEN
C20 ~C28 T rstE T F, fmfd
€29 ~C36 AT F, fmfd
C37 ~(C38 KEEfEE F, ffi

/INER T C39~C43 AT F, fhfE
C44 ~ C55 BRER F, ffi
C56 ~C59 TERHE F, ffi
C60 ~ C61 FAEEN F, ffi
C62 ~ C64 fRERE F, ffi
C65 ~ C68 fFfstE T F, fmfd
C69 ~C76 AT F, fmfd

KEFI Cc77 FIAEfET F, fhfE
C78 ~C81 BRER F, ffi
C82 ~C84 FAEEN F, ffi

— ~ ddRAD ZEEEF A

PP H ity 84 {IEEH N dneE / 22 BEHY 50 {&/INER I anfE B 12 (i R lH ) anfd A 1 T
ddRAD & [P [EFFEAERE Tl 50 &/ NGH I SN —4E PR ZE (Lane_1) » 5
AN 12 (B AHE AR R B 41 (&S i BN S5 — 4L E B & e (Lane_2) » FEE A
AL Peterson 2 A (2012)"” AV B AT TIE L - B EREEAVEREBEELL Podd B Msel #
TRV IE » 2 1% 4% FA7A & hIRZEL (51 (barcode) FP41HY P1 #4351 (adapter) » P1
RS [T HIKIE Hsieh 2 A (2014)7 Fralat AL IREEAT I TREEE - E2RE52RRAY ddRAD
TE F 8] 2 5 AIZE A FE R Se T A B] P Tllumina X-Ten KE 75 #E1T 150 bp paired-
end (X E 7 - BHEE FEIZFENE F & A 1 {E lane (49200 ~ 250 HEREFH) o %
M 36 Fr FTES 2 JRAG BRI M2 EY R1 #9751 L CLC Genomics Workbench v.11.0 # g8
BT E e e I A% 7325 (demultiplex reads) B i B i 2 (trim reads) TF » P41/ E i
B S ERAT ¢ trim using quality scores limit = 0.001, trim ambiguous nucleotides = 2,
discard reads below length = 100 o FAfF 4t B2 TRz B 52 Ak AT P51 & sR AR FASTQ
kGRS - B8 T ORFFLL Bowtie2 software™ #BS K LML E P &R ELER AT S8 7 51 A T
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Lt - FRMTEEELISA AR Gy14 (Cucumis sativus cv. Gyl14 v2) INFEREG FPHI1E Ry 2%
FE51 » B » BB SERERERYERIDL sam (sequence alignment format) f&ZEf& =l H 1%
FFLL stacks #RBSEE(E © A THTA B LAV H $% (catalog) BT BAFLNAINYEAS » 14
FERAERIE 3 FRAMTASE -+ F5EHIFRIN Sl fn P AR EEE DT 50 {ilkk i
HYEERIEE » W LA -m $5 2 — BN EA E FP S (read depth) F52E %] 10 DL E (&
10) A& AT
KASP > FiR555%3

R TS E RS AR EE 5% (Allele specific primers of SNP)
M LL WSAP @82 (http://bioinfo.biotec.or.th/ WASP) #: {75 | F 355 » 3R ESEM T ¢
28 > Primer Length > 17, 70 > GC% > 30, 67 > Tm > 57, Max Self Complementarity = 8§,
Max 3' Self Complementarity = 5, Max PolyX in Primer = 4, 120 > Product Size Range >
40 - BEEZ BTSN RE — RS EREE M5 [ Ak 3 mEEE =25F
Tl B B A — {8 i B > PE i S E — (R &% (mismatch) AYAZ il - F LS s [+
HVER—ME - £efg - JITRE LA FT B e R 51 F P30T 5° B 2% H 0 W R 8L KASP
Genotyping Master Mix (LGC Genomics, Hoddesdon, UK) probe [ %] ¥f & #Y 5] 1 & %1
(GAAGGTGACCAAGTTCATGCT £ GAAGGTCGGAGTCAACGGATT)” » HI 1] 52 F
KASP 73 FHEEEERET o B TR bl st et 50 B Wa 16k B — % i S i B R L — 4 5 |
F (allele specific primer] £ allele specific primer2) B — {¢% % FJ 9 5 F (common reverse
primer) Zz HH i B AL HE R ST AR IR A IR A B EIT 5 8 - GRGERN5IFLA
REBKEBEEmEEZEEE 15 uM > 2 & F LA allele specific primerl : allele specific
primer2 : common reverse primer =1 : 1 : 5.2 FYELAIICE R —% KASP 47Tk o
KASP 53 FIE55EH%E

Ry T HE1S m] 52 o3 i Y KASP 73 F1558 » Heffi 73 AL CTAB J77%4 81 QuickExtract
Plant DNA Extraction kit (Epicentre, Wisconsin, USA) fff Z5 E{ #YJ DNA #E 1T KASP 47
TLOh A R o BRIRIBL oy BT Y (R G S FEAE RS RE Ry 5 pL 0 HHRpELE 2.5 pl 2X KASP
Genotyping Master Mix (LGC Genomics, Hoddesdon, UK) ~ 0.07 uL KASP 43 Ff25E ~ 1 ul
FLIRI4H DNA ~ 1.43 pL R EE/K o HgH 5 7 fE (polymerase chain reaction, PCR) $££
FH #0535 K2 FE 2% Biometra-Tprofessional Thermal cycler (Biometra, Gottingen, Germany) *
JoLL 94 CRIE 15 orge » $EELL94°C 20 %D 5 61°C 60 1) » fEER 10 XX » WiRF5 [ F&E& /
JE R B TS R (BTG ERRE 0.6°C By 25 — (G IR Y 61°C 208 I FE 25 HEfEIR
WFHY 55°C » BEZFFLL94°C 20 #) 5 55°C 60 ) » fHER 30 ~ 40 2K = i f% » FefRFAEL
TEIR I FE =8 S ESE R 2 PCR EYIR A RIRF5E & i 28 55 2 E 25 CFX96 Connect (BioRad,
Singapore) » FEEATm [ R Ry 37 CRFEEHUE CEUE -

HA A FEMRE SNP FiEg
62 {[E#EH ) TR E 7 R AAE R CLC Genomics Workbench v.11.0 i &4 Fr 46 Sy
3 471,383,043 {5 E 7 =& £y 150 bp 1Y DNA 751 » &—F Y9 E F & (number of
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reads) £ 7,602,952 {41 - Hd kg 4REE C1 ~ C3 Bl C4 HYEFF 2K 1,000,000 &
Hl o REEEARE 2 =8 S E B R EHVE R 31T o 1548 stacks 8UEG > TR 59 (H2
sl L P AR AL T T 31,831 {EFF A LB E/ N 9 BLE P 28R 10 HYRRIE B §%
Hrp 5,750 (EERE N A A SNP o BT 25 i SNPs BYIERENE » FRAMBERR
THE—EREFEAE 1 {ELL L SNP ELREE - 1% - BMMEZ T 2,121 JA i fER B
H % RIME (polymorphism) EL[R FE « 823 » FRA" e Ishii Bi1 McCouch (2000)© ¥ (5 35 {E
Y& F3 22 PIC (polymorphism information content) /3= 2B 45— SNP Y PIC {§ - 2,121
i SNPs 351 PIC {H By 0.189 o Tz %5 H T 387 {@ PIC {E A H> 0.35 /Y SNPs #E(T
%% KASP 7 HEsERA &
— ~ KASP 3 FiRE5R 3

Ky T P BA SR SNPs SRR AT R R ~ KEAE HARACASE F G IS B i Iy
oy FRERE > FRAME ity 387 i SNPs HrfkEE ) 31 {E 3 o047 7 i Ny ig EaY
SNPs » H ARSI/ NG I E P i B 2L 25 BUPERY SNPs - i HBEH 5y KASP 73+
Tk o 2B IAMPERPREE 30 (i CTAB J7/ARTZEHUHYER I\ fE DNA » #E1T KASP 73+
RESER RN BRI - JHENAE SR EEIR » A 28 4050 FATat v B R 47 Sl iy
.?FU

Ry 7 1ER AT FH A HL DNA £ i T T EL R B 3 Afr Y KASP 70 56 - H PAREL
T A A - 4l T B R A S AT E ZE AR » FRAFTBEREE Y 30 fE— AR ACRE SE aufd - DA
QuickExtract Plant DNA Extraction kit FH Z£H{ Y DNA #:17T 28 4H KASP 43 T 1EzE Ay R
RIESHI RS - EERsE R B Ssm oS A 20 40 FERsE n N & 7y 2 alkk
mn Y EERAY (& 1) @ 20 4H 7y FAEsSH AL RS Y B B R H M B E 2 - fxfg » FFLL bl
ﬁﬁﬁ'ﬁéféﬂ’] 20 40 KASP 73 FEEEE 3 3R M P 4R Y 65 {12 P & I — (L3 52 A Y 2k R

s SIATEE SRR A —(E KRR (4R59% 0 CT73) INEAMPTRE ST 20 4Hr 5t
i’j FIH[E'E 455 (homozygous) LKA ( BIFR /R 57 T 158 7T B 2K B T — (U S T-HY
FEAS R IR ) - HgriniE A 1 2 14 {#0] F A TS B AR 77 FRE6E
11~V 35 {18 e ] P SR A T TR S B A MY o FAEE A 7.6 il » /INGH TP 3 dn
A 6.9 | - KEH/RGFEanfE A 9.1 | -

v

¥ &

WA HE RS T4 S — H A R A A A R Y B B PEERE - HATRiL » 28
SRR S N ST PAAE B R R AR 7 ORI T RS TRV SIE B bR T AR F R R R
TSN - BRI A SR 4R A DL DNA 73R8 7 /AR TR ACTE 1Y i S Aot -
&aha 0 A FM L SSR (simple sequence repeat) ~ SCAR (sequence characterized amplified
region) £ Indel (insertion/deletion) 2 F 21y DNA 47 T1Z:E - a4 DNA st BAE
Gy B3 B TR A BRBR R » 28T Bty ARSI A 0 FH S o M AR T B (R U B R B 4
SLHIEE - AT P R AR R B R Ao PR S IR T AR R © 2K NGS Bfray ke &
15 SNP 7y FAEEMFE & S INEEF] - H AT LA 250 SNP 2 FRESEM 3 AmRE it v ({52 A
PR HAEERITE B S B S JEBS Mk S R - 25 e i vl & A &K 3T
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AEEBRRAE > $&TH AT ReR o HATE REYHTEir & KASP ~ Tagman 84 thAmp » =f& 5y
WAL AL AT e REVE BB E M2 R K @ S AT IRIE B B AR AT &
B3I « ARBFET - FAFTEEELL KASP 73 TESE ARy Foith IS B 2 MR 73+
Rt Ry KASP Jr it EARERI A T 7AEIEAR - BRI EAR B ] 51T ass 5t
Fro R D B RS TR ERIBA S A -

Cu _SNP14 Cu_SNP18 Cu_SNP20 Cu_SNP23
: >t s - i - = N
'iw .." ‘.: . im - . E: ..‘- pd s - , L, e
!~ - - - B '
£ ORI R I e
Cu_SNP27 Cu_SNP39 Cu_SNP42 Cu_SNP54
S e ) wlle =1
- W oo . ,“ g 2 E:
- i- j- i
i, e i i,
Cu_SNP56 Cu_SNP62 Cu_SNP66 Cu_SNP70
- i oy Mo
il . - [0 el =
i- = i- SR | L
i i £ S -
Cu_SNP71 Cu_SNP73 Cu_SNP77 Cu_SNP79
ol % S RINE
¥ oo . . X Foaf * -
i~ caeme - i- e |- ¥
g = S £
Cu_SNP81 Cu_SI\-IP90 Cu_SNP98 Cu_SNPO8
=l i [ -
§ oo L e i g g i
{oe s 1. A i A i*“ As
i - é

e e me e wm e e ED ED B 0 £ £ o e e Te | me | me | ame | me  w%
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Fig. 1. Allelic discrimination plots obtained for 20 kompetitive allele specific PCR (KASP) assays
on 30 samples (Orange circles and blue squares represent the homozygous genotypes, the

green triangle represent heterozygous genotypes and the black squares on the bottom left of
the plot are no template controls)

AR TR S 20 405 THERE T 65 EEH/N— M AL R AR N RYAS R - i
PRVl e m] P AT TR RS R A M 73 RS E R 2 7.6 i - (HIRFIRZREIHE —
{IE R EH Ay — S P 2 A (C73) 1E 20 410y THEEEE T B EIR BRIE G & A& NE - fit
C73 B—FlsaiET RMAUEF eI Selintd - RIEEERMIER NGS /Y 2,121 {# SNPs Zets
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W CT3 AYE N AUAH R - AT &SI - CT3 BRARAE 2,121 {5 SNPs firBish H 27 12 (E 528
&ty (heterozygous) HYELAAY - BLHEAth— (URERC An il P39 B 280.6 {6 FH 45 & B N AR
R > C73 FRin Y R EE & EEAIE R EAL — (LT - C73 R E S SRR MBI A
SRR FEGEGERNA 7.2 & - HEHR N AT REE N B AR 7E i B n BRI - AR hnfE U HL
—{EEMREITIRE T - RELHERIEE M C73 W e AE IR S AL T FE S REA B SR i - EL
C73 2 20 4H5r THEEE h EBUR BRIEGE G ERNE - R T C73 40 558 3 (BN
TR 20 0y THESE P R EA | ~ 2 HREESERNL > SRR > IES TESEERATN
SRS A S 3 A AV RIRE T A TR HAVZE ] > ARAFR IR FRASE 2 ~ 3 {6 KASP
T REEASE N E 7 TR A By NGRS e R A M 3 A AV A1 RE

Chri_Mb Chr2_Mb Chr3_Mb Chr4_Mb Chr5_Mb Chr6_Mb Chr7_Mb
0.0~ SNP14 01— Terminad  0.1—F—Terminal 0.1 ——Terminal  0.1——Termina 0.1 —— Termina 0.1 —— Terminal
1.0 -1~ SNP18
2.4 —1— SNP81
46— SNP98
59— SNP20
72— SNP54
105 =11 SNP5% 106 ——— SNP62
127 SNPTS s sher
19.7 —~1— SNP66
21.0 —— SNP90
—— SNP73
229 238 ——— Terminal
26,5 —— SNP27
29,0 —— SNP23 B5—T1"SNP70 594 |1 sNp77
308~ SNP® 312 —5—Terminal 30.7 —[— SNP08
i 4 —o— Termi
33.2—— Terminal T [ Iee—— 32 erminal
35.0 ——— Terminal
39.2 —— SNP42
41.7 —</— Terminal

2. AaBRiEE Y 20 {5 KASP 73 s R VR B RE e (L B (A G A2 BB~ Fy SNP
FEAL g R B B S B (Mb))
Fig. 2. Physical map of 20 KASP markers. The 7 bars represent cucumber chromosomes, numbered

at the top (The numbers on the left and right of the bars represent physical map positions (Mb)
and the KASP markers, respectively)

s am

AT FeRE H R A (i R AE B 7 7748 KASP 7 THESERYEGT - BEJE T 20 dw] (A
FEEH ISR 14U BB HY KASP 53 TGS > IRy T1aE o] B R Sl i S e es oy
MR SRAVESRA - A A SRR AR E SRR - 15 B TESEE I AR (&
DNA /8 B i PR R Y A B i IR > TR G ] A B o A Y Rt I ELAe T o3 A
R o SR DL EEER > BAMTRE R ER i v i Bh B P H TV o 5 3 il 5 EL PR RS TR TR
SRE TSR > AEFRT TR T50E
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Establishment of SNP detection technology to

examine the purity of cucumber hybrids'

Wang, S. S., Y. C. Chu, P. H. Tsai and A. H. Yang’

Abstract

Purity testing is one of the key tasks in quality control of hybrid seed production. This study
is attempted to establish the single nucleotide polymorphisms (SNPs) systems for assessment of
cucumber hybrid seed purity, 62 cucumber varieties were sequenced by double digest restriction-
site associated DNA sequencing (ddRAD-seq) methods. After analyzing, 2,121 reliable SNPs
were detected. A total of 31 SNPs with high polymorphism information content (PIC) value (>
0.35), and evenly located on 7 cucumber chromosome were designed as kompetitive allele specific
PCR (KASP) markers. Eventually, 20 out of the 31 KASP markers showed high call rate. These
KASP markers could accurately and rapidly assess the purity of hybrid seeds, and could be used to
improve the hybrid seed quality.

What is already known on this subject?
No purity assessment system of cucumber hybrids using allele-specific PCR platform has been
developed in Taiwan.

What are the new findings?

In this study, we established a purity assessment system of cucumber hybrids based on 20
KASP markers.

What is the expected impact on this field?

With these markers, breeding companies could accurately and rapidly control the quality of
cucumber hybrids

Key words: Next Generation Sequencing, Double digest Restriction-site Associated DNA
sequencing
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