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w =

B — 1% B 25 U (single nucleotide polymorphism, SNP)4rT-1EZERFAFLIRI4H S B
% HEASHERMER AT SR eIt - RERET R EER TS - R
BB SAEY H #E (Brassica oleracea L. var. capitata)” SNP fEZEEF SRR - AR5 LA
ETEEEL RGN 102 FERZMNAEESER e — (UG HEE B 2 98 &
HE BRI - ETERNREER - HEtES 6,449,309 & SNP {irE:E1 823,898
{# InDel - g1 SNP {i7 BEz5 =414 28 4H Allele-Specific PCR 5| -4H ~ 23 4H V30 22 R M4
SI(CAPS)EEEEED 11 4H TaqMan SNP 3T EAH - 7350 8 ~ 9 J 9 dH AT IEHE R HEE &
2 90 R HHA Z BN > BEURASUBRORTAR AT R B S8 SO T4 R RIS - LB AVFPS
BRI BEAIEETIRAL - RARAAE 25 FEF PR B R 1T ~ B MIRE L R oy T-A5E
T A

RA#EE ¢ HE - B HRBRS AN

H 5

+FIERIE S B HEEYIE(Brassica oleracea) & (A TH S RESE 2 HEE (var. capitate) ~ FHA{EHE
(var. italica) ~ TGRS (var. botrytis) ~ FrEE (var. alboglabra ) ~ I HEE (var. acephala) Iﬂé%ﬁﬁg(var
caulorapa) J: 37 HE (var. gemmifera)%: 7 (HEZEnafE"Y » Hrh H 85 BB K Sy TSR
SEARISEITRSY 8,000 NEC - FEEEHE A FEARE  REFRFEHEERRK « AW F“’éﬁ,’\unﬁx
B R TR E (2 B 3 24 P Pt 2 R RE) » Bt > R rh S R 260 RIS (AT FRE 4855 | A8 AT 24
TEEZEIE - 1Y 102 S5 AR B E SIS ER MR A — RS S G 2 58 -

HEE R MR ST EY) » A2 dE s 11 AR AU B SO BR A R ARRE TR R 258 5y
HERFIE T4 Y F 22510 - NS R T E A 5 2 PRGN R (HeR AR BATRE TR
FothZR"Y o SRR RS T4 Bl s R - M4 b AR

PRI RS 1001 SERFFEHR -
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t#7E (grow-out-trails, GOTs)F R T-HISES - (ENS KA LB Z EIERAEE - i
R R o B A AT Bt ZE SR s - [R5 5 2 BIERBE N s 1 -

RE AR IYAERERE R HAFR ~ peA ERYIESS - 4T 20 22k B FEEsARE R R RES
B (restriction fragment length polymorphism, RFLP) - ##3% i 2% %I 4: DNA(random-amplified
polymorphic DNA, RAPD) ~ I¥iE | B 2 B4 (amplified fragment length polymorphism, AFLP)f
B E 15 J7 ¥l (simple sequence repeat, SSR) - #H [ J55 51 3% fiF & AU ¥ (sequence-related amplified
polymorphism, SRAP) K, SNP % » f£41/KAE® ~ HEE' ~ i Rt NV S (B> s il R -4t
FERgl ERZAIEEA - B > REESEFY 2 SSR BN AA S HH M s 2 BRI > (i
{oF PR Ry o T4 BEHE (R R S8 » (R B e FIELM: SNP iEia gt e sl HL s f (g3 ®
1E Rl i R H B i B S W B A3 S (EH A E iR EERS o BAESSR B'E 2 %7
PO o (RIE - ABFELAHEE G op 2 5% A R R o AT RN E R o AT A ]
HA AN SNP (i % - W% AS-PCR 5[40 ~ TagMan SNP B5EEEES [F-4H K CAPS 5% - Fi
82 RS R A ER - B a] B R R T S R 0 - ORI B I P I A B e T e oy A
SCHH Bl

M A

— WM

AWgE L HE ‘&b 2 9P EHEBR AR R % T2 REAK T3 KA BERFME - 5L T2 K T3 Bk
SRIETT B A RFHEAS o YRR TR R FE 7 - BRELMEE 0.05 g ZEHY DNA 1E B Egsg it -
Z EYREEEEEE EREETEF

TEFE DNA fhHUEFEER A B B 2<HUEE (Smart LabAssist-32 > Z/E (B BESR T D AR A
= > 2 > BE{H4H(TANBead Plant DNA Auto Plate » 2 & EELZSKITiTBHES AR AT - 28) -
e 2 BE R BN 2 mL [EEESE 1 A A S R K2 800 L Lysis buffer 22 1 min> 5 E A28 5 min -
PL 8,000 g B0y 1 min > & EIEREACTEIL S E 2 96 FLEE » A BB EAZEEZERE - (IR(E
F{f 5 (BIO-W4-BBTO)FE I, » 52 DNA ZEHL #2385 DL O EFE S HHIE DNA RS » 5F~-20C -
EFRRNAAEEFELE DA B (B AR AT AR /A E] 27%) D Tllumina HiSeq4000 #:17 150 bp
HIETERF °
= -~ SNP E& InDel 38/

EFFERL atropos(v1.1. 1) EFrEESRE T3] » FFLL Seqtk 2 trimfq {iER7ZZMIE 0.05 ~ fzm AHE
TERRFE(-N) By 2 Ko/ NFYIHRE(-L) By 35 SR #EfTin BB 5] - i B (E 55 2 FFy15ti% DL BWA
#5142 Ensembl &R P Brassica oleracea 7 7% FEIRI4H 7% |(release-42)#E{TER ¥ (reads mapping) > L
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GATK #7588 B 2R H(variant calling) » &4z 2 VCF(Variant Call Format)fg ZEF DA Perl script #1174
AT » AR &8RRG 7 M7 B B 258 - SNIP BB (e {7 (0 5 58 FBE g X (site-level) Ko B it g X (samplle-
levelJEfi#E » EHEREE(R{F S QUAL(Phred-scaled probability)578(1,000 DA _F) ~ H#Ei e 2 5% K H
B Z BERBI(GT) ~ 38 €% (DP) J AR Y B (GQ) S « i LAARIGE Frr 48 3R 7 888 BBl Ry ELiiE ot
ST ETEECRE 2 SNP A BEF{% 50 bp AR B - [E iR EHREIE - W0 SNP {7k
Hil{%& 600 bp 41 - DL NCBI BLAST {##m5 25 5| iH Ly 2 88 - (F RS [+ H—MEEREERR(T: -
s DFIEES R A AR
(—)Allele-Specific PCR(AS-PCR)5 [ F&%5T : —4H AS PCR marker(for SNP)&E & 4 {&5[F > DA
3°Ji N [E] SNP #Z E LY allele specific primer(AS primer) B FERYSZ (515 [ R AERE - W0HY
AS primer 5 UgfMAN E— {6k AS [E][a) 5| - %# 50 $ 55 5 0E 30 (F £ PCR 11 ¥ B8 (flanking
primers) > RS ERLE 3 55 [ B 1 bk SNP S —MEERA7EL 1 {5 SNP flanking {57
55— ¥HE AR AL A 55 — 5k AS primer BiAH[E] 2~ flanking primers 2HEY < ABHFFE H 2L

2T 2

BatchPrimer3(http://batchprimer3.bioinformatics.ucdavis.edu/) 5% 1 Allele-specific primers Ef
allele-flanking primers > 5%7€ primer size 15-30 mer ~ primer Tm 57-63°C - flanking product size
300 bp Jz 3’UiitR mismatch 5%at » W ZEERE A S CRERBIR EYRERA AR AE - 278)
B -

(Z)CAPS fgEagst ¢ DA Perl script 734 BA EcoR1 VI - HAER AR EA LI T8 - LA
BatchPrimer3 %21 SNP flanking primers > FHHEAEYI A/ Ne% By 1,500 bp » #E—20Hk#E EcoRI
BgUI% » BAMEYIAR/NERR 400 bp DL EZ 51740 » ZRtARK v B A Bl HE R el
AVRHERE AR AE » ZE) G -

(=)TaqMan 73 AT E4H 17 LR 58 2 SNP (i LR 7% 2,500 bp 5751172 ThermoFisher 4815 L1 Custom
TagMan Assay Design Tool 3%t TaqMan 73#E4H » W ZFEEE M E(EEMEERDH
RAE] - ZE)ERK -

(IDAEREL T3 Ay
1. Allele-Specific 5|T7-4H fz CAPS 12z 22 & il 555 K2 FE (polymerase chain reaction, PCR)f%

ImAEEETE By 15 ul > N5 DNA AR ~ 5X Taq Master Mix(Fast-Run Taq Master Mix Kit » Ji7
A ED ~ 10uM 5[ T4 AR ZEE8K © BRAE & 1RFY GeneAmp PCR System 9700
(Applied Biosystem, USA)HE{ T3 A MSHZ IE » S22l 95°C [ZE 2 min » B RFLL 95°C
FZJE 1 min ~ 52°C FZJE 40 sec Kz 72°C FZFE 40 sec » it = ER4L e 78 35 (E{EFE » B21&LL
72°C K 7 min » £ S W GHN EATHE R 2 ZEY) > I 6x loading dye » PA 2%-3.5% HY
SFR agarose 7 TBE buffer 11 » 7 100 V SEEHET#K /784 60 min » 3 LB ERE - 1
GENSESREs-ZE 8
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2. TagMan ST E4H 2 B S5 i 5 S JE (real-time PCR) - FOFERGRRy 10 ul > 1 2.5 ul
ddH20 ~ 5 pl TagMan GTXpress Master Mix(Thermo Fisher Scientific, USA) ~ 0.5 ul TagMan
SNP Genotyping Assay 20X(Thermo Fisher Scientific, USA)J; 2 ul template DNA > /508
& 1% DARIIS B & B f# 5 & & £5(QuantStudio 3 Real-Time PCR Systems, Thermo Fisher)if
TTIIE » [ESEA 60°C 30 PhAEfTE B SHE THES - #EE LA 95°C 20 WEILEEEE ~ 16
BRISEE R 95C 110 60°C 20 703k 40 {EfEER » B4% DL 60°C 30 PVEITELE R - 1N
TAEER Fe S SESE R AT AL E -

FEREAETEm

— ~ FYIEIRE SNP #:H;

HEE a2 58 RERAR T2 BACAK T3 4% [llumina HiSeq 4000 150PE 1% » 47 RIITES4Y 65.9
M~ 75.8 M F 68.1 M ¥f/551] » 4% atropos v1.1.18 J% Seqtk v1.2-r94 i (T /B (£811% > L BWA
¥} Brassica oleracea Z ZFEREAH P HEITEL S > SR BN 2 FPo149 5 97.8%(F= 1) > fEAHATHY
EFEIRT » 51 Shea FEE(2018)245EK H5%(Brassica rapa var. pekinenesis)Z PE¥45ESE(61.1-
63.4%) > B Lee 52 E(2015)[5] Ky H BE(HE P BRUR Z LLEEE RARIT(77.6-82.1%) - DL GATK {78
SFEEHE , 25 7.5 M {ESEEE » Erp SNP {i7865 86.0%F 6,449,309 £& > InDel 5 11.0%7 823,898
& HMER G 3.3%5 226,887 & - ftem ERHEREN: » BN RE BB E BRI R EE S (R
QUAL F3#UK7A 1,000 2 3,763,587 25 SNP » £ 44 t0 g | SNP $2 DISE 3 fRAL RS 600,977 S fyiy
=0 LA 6 [RAYEURGHY 313,262 SERfu (K » Bl Lee FEELE(2015)45RAHE » WHAIE SRS B2
SNP $rEARIT - AAEAL B RIS AR E - H T2 F4EEHA 2,550,666 & - 71 T3 LA 2,272,075
F([E1) - EREUGT)EREH 7 WA EL 2 5K [H (alternate) - H 55— 82 22 [ 51| #H[5] (reference)
Z SNP firfhi » T2 4 586,387 & - T3 5 458,879 & » fiE G » FINFHE G 2 S0 AR SR
BéaE  MAEAZLINEY SNP Tl » 445174 994,433 & - [N SNP HE T2 - B—PIRBERF
T (DP) R BRI AY B (GQ) 58  FESNP iz Bh 27 T2 7 S TE 568 Ry 30.5 » T3 Ky 27.9(1&] 3) -
Ryl Ve Fr e 7 EE B SEERZE 42 2 SNP » (RIERI i DP /Nt 20 2 SNP HiER - (rE§HH 209,377
2 SNP - F{%#HHL CHROM J¢ POS 524 - JKF SNP {izBEfij1% 50 bp N HAZSREMIFR - DS
SITFERET 2 AR - YEETEIS 2,510 %22 SNP » a4 ER A
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Tablel. Sequencing and mapping summary of Taichung No. 2 and its parental lines

Sample F,-Taichung No. 2 Q-T2 3-T3
Raw total sequences: 131,757,962 151,462,288 135,929,524
Reads mapped: 128,936,417 148,187,999 132,965,713
Reads unmapped: 2,821,545 3,274,289 2,963,811
Mapping rate: 97.86% 97.84% 97.82%
Reads paired: 131,757,962 151,462,288 135,929,524
Reads MQO: 17,429,476 19,416,070 17,664,568
Average length: 149 149 149
Maximum length: 150 150 150
Average quality: 37.9 37.5 37.7
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& — - HESE G T 2 SRS AR Z SNP #EHE - (A)' G 2 57 KA T3 FEA T2 SNP #[EE
HEELA100 kb Ry LA CRDEBIEEL - (B) G 2 5 SCA(T3) e BEA(T2) 7 2 SNP %
JElE > R LL 100 kb BE LA EADRENEH - fESNE BHE 2 SR E - Bk
MB -

Fig. 1. SNP density plots of the parental lines of Taichung No. 2.(A)The SNP density of T3 and T2, in 100
kb sliding windows across the genome.(B)The density of unique SNPs found in T3 and T2, in 100
kb sliding windows across the genome. In both plots, the outer circle shows the chromosomes as
blue bars, with length markers reported in Mb.
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Fig. 2. Box plots of SNPs DP(depth of coverage).(A)DP of unique SNPs found in T2.(B)DP of unique
SNPs found in T3.
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4 431 TR AS 8 flanking (A7 A/NBEIT » RS0 - 43 THIA AS fArRoRmssde
SEHIE G 2R flanking IR FTIERIISER - HEAURTAERS 3 mismatch 3EHEE AS 5[ 735 (558
TR RSV A I FTE e > PCR 455 - 17 CAPS FESEBRSSHSY - HmBATIE
PR SNP B FIELEHE(E 197 5T EcoRl BEZEYI Rrh » DU BIEEYIA/N B 1,500 bp #23f
SIF - R R B R R RRCR » VIR AEF B BRI 400 bp 2 3 T-413t 92 % »
Hetk 23 MBI ARR P 9 SLISRAETIR, EcoRl SUF ByA /NI ATAR » BT RAHESS 2k
& BRI R 39.1% -
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[E = - AS-PCR 5[74H TDC801 - gl ‘& 2 5’ (N2) ~ BEA(T2) RACA(T) b 2 G55 - Hor T2
RURR[EESE T/T BRI - T3 BFEELSEEZ GG AERE - N2 BEELEEGH G/T -

Fig. 3. Analysis of T2, T3 and Taichung No.2 individuals by AS-PCR marker TDC801. The result showed
all T2 individuals are homozygous(TT), T3 are homozygous(GG), and N2 are heterozygous(GT).

17 TaqMan BOEBES TALE5 DA HE G b 2 3 R ORI 3t 48 (BRI BEREEHEL
BRa 11 LT - S5 9 LIKE R S TAMIGR 4) - T Bo3g065600p3 B Bo3g065600p7 i A 1E:
SRR 2 LR » [ BB A BB o — (A SEDRASE A - RIS SR » 33
BT B 81.8% o

VAT R B PSR T4 » B T4 BB AT AT B - FERE i T4t
R > B ERRMERRSESN - DL DNA 43 TASSSE (TR S T A D S - RSB
TS T A R MR S O T4 B0 R 5 TSR E 2 FE R A A BL SSR -
SCAR £ InDel 5B =T EY » ZATT RSk 2 YR LBk T s T B - R A
BTG - SB0h > ZE R IR R ) E (2 - (YRR TEEA RS e T 5 T4
BS S5 UM SRR ) Ye SRR (2013)5HEHH BEMEAT A  Sugan 2 1R 325 451 T FR4LfE 7 40
BT A R R IR« AR B H B Gk 2 9 RO AT E R 0 D 81.8%01
B 5 T R 1 B L7 TaqMan S347ES4E > T B HEHE A BAHESRE T4U I HE ; Fo iR
SNP {ir8:81AS-PCR 2 CAPS fESEHIRIHRN S » R AT eSSt o e A p A B S
5 EEEIRE R TS S R E 2 S -



EEEEN RS ER ST O

1 Allelic Discrimination Plot 2 Allelic Discrimination Plot 3 Allelic Discrimination Plot
> o 4 LA
4 5* ol
. a 3 *»
ue ? ' P

E ]

Y o v
2 =m0
"” 22 2 2 = Alole 1 ) Alele |
Legend = Legend Legend
Allele 1/Alcle Wele 1/Allcle
e ool e e ieterorygous Alcl 1/Abcle 2 Xiidaturmined “ieteroeyoous Al 1/Abele 2 Xndatermanad
4 Allelic Discrimination Plot 5 Allelic Discrimination Plot 6 Allelic Discrimination Plot
’ .
' a4 Ny
L ool
; .{‘ . 4 LI y ) o L B
& " [

e

L
" 2 2 . (k] 2 L
Alole | Alelo | Allele |
Legend Legend Legend
iele 1/Allele | licle 2/Allele 2 ® Homozygous Allele 1/Alicle | @ Homozygous Allele 2/ Allele 2 Miele |/Allele | 2/Mele 2
# Heterozygous Allele 1 /Allele 2 XUndetermined # Heterozygous Allele 1/Allele 2 XUndetermined # Heterozygous Allele 1/Allele 2 XUndetermined

EPY ~ ABHTEREE . SNP ALY 48 {HHE 2= 2 57 R HBAZ i aa R -
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Fig. 4. Allelic discrimination plots of TagMan SNP genotyping assay developed in this study
1: Bo1g025720p1 ~ 2: Bo1g025720p3 ~ 3: Bo3g065600p4 ~ 4: TDC501 ~ 5: TDC607 ~ 6: TDC701 °
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&8s Ry AS-PCR ~ TagMan /3ffrE4H B CAPS FEGEEA] » AGERItaT&pk 11 4 TagMan SNP
IS D48 AR ST AR SRR 9 4H AT IETAHE 0 - I TE s AR R B DhR By 81.8%
Fig& 2 STl nT EREIE RS — U T Z SRR - SIS 4 A 3 ATiRef] © ARSI 2 3
BRI ATIRAR » ARSI B B 2 32 SNP RS R it HEE AR AT Ze i/ -
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SNP Identification by Genome Re-sequencing for
Genetic Purity Testing of F; Hybrid Seed in
Cabbage'

Yen-Yu Lin %, Ching-Hsia Wu * and Ceng-Hung Hsiao >
ABSTRACT

Single nucleotide polymorphism(SNP)marker is an important type of DNA markers because it is
highly abundant, highly reproducible and amenable to automation. To establish the SNPs development
process, we performed genome re-sequencing and analysis of a heat-resistant F; hybrid cabbage(Brassica
oleracea L. var. capitata)cultivar ‘Taichung No. 2’ and its two parental lines. A total of 6,449,309 SNPs
and 823,898 InDel were identified. Markers of different systems were designed from the parent-unique
SNPs and were validated using 48 individuals. As a result, 8 out of 28 allele-specific PCR for SNP, 9 out
of 23 cleaved amplified polymorphic sequence(CAPS)markers and 9 out of 11 TagMan SNP genotyping
assays could be used in quality control of the cabbage hybrid seed. The results and data are useful for

future studies on cabbage breeding.

Key words: cabbage, SNP

! Contribution No.1001 from Taichung DARES, COA.
% Assistant Researcher, Researcher and Senior Secretary of Taichung DARES, COA.
3 Officer of Northern Region Branch, Agriculture and Food Agency.



