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Development and Application of a High-throughput Chinese
Cabbage DNA Profiling System Based on SSR Markers
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Abstract; Chinese cabbage is one of the most important vegetables in the world. Identifying and distinguishing
Chinese cabbage varieties is critical for management of genetic resources, new variety testing, and seed quality su-
pervision. In this study,we screened from 205 mapped SSR markers for those that amplified stably in PCR reaction
and were easily scored and relatively evenly distributed on the ten linkage groups of Chinese cabbage. 30 makers
were selected for Chinese cabbage identification and were labeled with four fluorescent dyes and allele sizing were
conducted using DNA analyzers based on capillary electrophoresis and fluorescent detection. Allele sizes of same
groups of samples determined using three DNA analyzers of two models were compared and analyzed. And it was
found that systematic errors often occured among DNA analyzers. Values of the systematic errors depended on the
markers and varied between 1 and 4 bp. Alleles of the SSR loci were named according to the length of the amplified
DNA fragment determined by an ABI 3730 XL analyzer. It was proved that systematic errors could be removed by u-
sing a group of reference varieties so that repeatability and reproducibility could be ensured for results from different la-
boratories. Molecular data of 184 Chinese cabbage varieties were collected based on the SSR marker detection system.
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Table 1 Inbred lines and hybrids used in this study

R it &5 i &5 i &5 e &5 i &5 i

ID Variety ID Variety ID Variety ID Variety 1D Variety ID Variety

1 W4-1 85 HR#HEMH=T Cl126 WHHE 324 BE1S (365 HHJLS c408 3F 38

2 W13-8 €86 SURIRK C127 BNl 325 kg 15 €366 LSS c409 B 5

3 W28-8 C87 mIt—E C128 FRE 78 0326 B 45 €367  UrERLL 410 BEH1S

4 695-7 €88 87-114 C129 KHE¥ €327 UK 65 (368 #wHts @l BE2S

5 267-1 €89 M REZE €130 iz €328 WHEE C369 MRFKERAZN 412 HBH#H3 5

6 402 €90 LRI C131  HBH=S 329 BEHEKE 370 PER  c413 HFE 007

7 229-1 91 WAEARK  C132 R#ASE 330 ®BR15 @71 HEH 69 414 PHH9 T
8 w3 €92 BHEAT—%S C133 BB HFE €331 B 55 €372 HWHTS 15 THAS S

9 itk co3 ] C134  HHHREAE €332 B 60 373 WHKE 416 TEEH3 S
10 74 388-1 €94 87-114 C135  HHHREILES €333 KA 907 374 miEE 417 HHTI8 5
11 BN €95 KEN5 C136 BT (334 2R AL 58 €375 #Myr2 =5 C418  TFHH 10 %
12 761-2-3 €96 ES C137 iR (335 K42 905 376 EXFkH6%5 €419 EH—F
13 734-11 €97 HAR C138 HFk 55 €336 1 61 €377 Fi 70 C420 KIEHH %
14 BI-2 98 BRFHZS C139 KIEMKMA 195 €337 L2170 €378 WH=5 421 BE1S
15 2243 €99 11 76 C140 /B 56 €338 F¥H7% €379 W BH 78 422 HATS
16 726-2 C100 RzE—5  Cl4l RS €339 & H 80 380 dtntEifi3 & C423 3 6014

17 Bk 15 C101 fr=Eilk C142 H—% €340  dbmtR4 381 &RBA—5 424 &9 5
18 659 C102 Ris—=%  Cl43 Bh=% €341 HH 5 382 HAL TS C425 RIEfE—%
19 126-5 C103 EFCARITTRIFZE €301 EHRS (342 B4 5 €383 FPi 798 C426 425
20 127-1 C104 LT €302 iTH 12 (343 BHie 5 384 SFH T8 427 A

21 128-1 Cl05  fEfim&t= €303 LHENS (344 1 83 €385 HHTHYS 428 B 58
22 W34-2 €106 a3 s 304 GEAESE 345 oAk 0386 WHLES S 429 BKETS

23 W48-3 C107  REFHEASE €305 HHT C346  fHEkPE81 €387 WS €430 HHINUES
24 W38-1 C108 ALK FZE €306 EHESE 347 R 388 &XfkH2%5 €431 Fm F115-93
25 W40-1 €109 oA €307 HE =5 (348 IR T (389 HWHNS 432 REHEH S
26 W37-1 C110 KIT.78 €308 #Hi 80 €349 HE IR IR C390  JARHFT =% €433 M7 =
27 W33-2 Cl11  #Hdt =% €309 A5 90 €350 R IR 5 €391 FHi 80 €434 JLH GMS01
28 W32-5 Cl12  dbmfisct  C310 Lk 85 €351 #PHE S0 €392 IR Y= €435 625
29 1413 C113  dbxthi =% €311 E 0352 GHEBAKRIHZE €393 £KH78 436 PR

30 129-1 Cl14 &7k 66 312 BHEiHE S 353 HAER S5 (394 HSEE 80 437 B9 5
31 132-1 Cl15 B = s N 0 K k2 S €354 MREBCERMASE €395 BERCE 438 HHEEE—5
32 W46-6 Cl16  BkEFANS 314 76 €355 ik 168 €396 E1YS C439  HWiH6 S
33 2 C117  &NIEKL  C315 ek 78 €356 A kFKAHS €397 KRR C440 R 60
34 o C118 £H_"5 (316 iy 75 €357 K H 50 €398 HWEMNS  c441 HE 75

35 W43-5 C119 M C317 AR 70 €358 HRH 50 €399 FHL 90 C442 VPR
36 145-2 C120 #5318 A5 60 €359 5 16 €400 KE—FH 443 BH6 S
37 HaE2 C121 SRS €319 4k 60 €360  dtmi/hJs56 €403 =5 C444  BH4 %
38 144-4 C122 R €320 =k 56 €361 Tkt C404 TWH3S 445 KRIFWEL 62
39 I BH 7 c123 ko 0321 " 56 €362 WL L €405 a4 5

40 Hk 3 Cl24  fharnfA3E 0322 Fkk 55 €363 KHEt+S  c406  EH16S

C84 BEHES869 €125 BEEE70 FASE €323 A 45 €364 HHENYS €407 HE /MU 23
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Fig.1 Band patterns detected in a group of Chinese cabbage hybrids with amplification at locus nia_m035a
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Fig.2 Alleles of six Chinese cabbage varieties at locus cnu_m90a detected with DNA analyzer
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2.2 HENTRGEZMSHEAMHNHE

WP L, 8 FH DNA 3B A k47 B By #r
i, [) — St VR A ot D ) 25 457 725 S5 ] 108 A 00 50 15 2
A1t 0.40 bp, ZHE 0.3 bp AW, /N T 7] —47 45,
2 NEENARSEZ 18] 2 bp 8% 3bp MIf/NE T ( R

R3 2XI5|% DNA S EESTER

PR = H TR BT WAL, il LLAE S X 73 AN )
SFARSE TR — 4R A TR — 245 DNA 234X
HA AT A A 25— BAE 0.3 bp ZIN, &3 N
2 X5 — 2 A 5 F P Y S A 0 2
R 2 WHERFEV R RGERE H2EHEBUN,

Table 3 Allele sizes of two replications for two primer pairs determined using DNA analyzer

cnul39(H) enu252(T)

R

Sample No. V-8 FE2 ZH TR 2 2E

Replication 1 Replication 2 Difference Replication 1 Replication2 Difference

2 161.38 161. 21 0.17 251.29 251.27 0.02
3 163. 17 163.05 0.12 254.12 254.23 -0.11
5 165. 34 165.28 0. 06 251.21 251.30 -0.09
6 165. 46 165. 31 0.15 254.19 254.32 -0.13
7 165. 44 165. 19 0.25 251. 11 251.37 -0.26
9 165. 49 165. 31 0. 18 251.24 251.29 -0. 05
10 163. 14 163. 03 0.11 251.29 251.37 -0.08
11 163.24 163. 02 0.22 240. 98 241.19 -0.21
13 162.97 163. 05 -0.08 240. 81 241.01 -0.30
15 163. 09 162. 85 0.24 251. 14 251.28 -0. 14
16 174. 34 174.25 0. 09 240. 85 240. 94 -0. 19
18 163.17 162.93 0. 14 251.20 251.32 -0.20
19 163.07 163. 07 0. 00 251. 11 251.30 -0. 19
20 163. 17 163. 06 0.11 251.08 251.27 -0.19
21 163. 27 163.15 0.12 251.20 251.29 -0. 09
22 163. 16 163.05 0.11 240. 98 241.00 -0.02
23 163.07 162. 96 0.11 240. 91 241.05 -0. 14
25 163. 10 162. 86 0.15 240. 73 240. 92 -0. 19
26 167.28 167. 07 0.21 240. 78 241.00 -0.22
27 163. 09 163. 08 0.01 238.01 238.19 -0.18
28 163. 09 162.98 0.11 237.98 238. 11 -0.13
29 174.38 174.25 0. 14 240. 91 241.01 -0.20
30 163.05 162. 94 0.11 251.20 251.24 -0. 04

H T 31fL3 HEX #l TAMRA
H and T denote HEX and TAMRA , respectively

] — 75 N[5 DNA 43 B A 3 AS 6] 5 1
DNA 43 B AN ] —FH A o A 000 450 0 i) — P A7 78 B
B 2E 5, VA FE S AR B A Rl ke 4, 3 4
FiE7R A 2 RIS/ 3 45 DNA 208400 Rl — 20
BESH B 245 58, 5198 enu_m90a, R ¥ F5ic
SSRFE & B 1 2L I %) S5 A A8 S5 RN I D e A
PEATIEIE . B4, enu_m90a FRIEA M 14 H B iy
H/N JE UG HHE 4 B A 184.28 bp. 192.96 bp,
198. 71 bp F1201. 62 bp, H 8 & #f7 il 3 4~ Hf 3k

LR, WIZAL S, 4 A0 AR B IE IS 43 34 184 bp |
193 bp 199 bp 1202 bp, F| & 1E )5 ()% 7 48 F
KN A AR DNA 23 B ASC8CHE 18] 22 (5 /Y K/
X RN AR R A [ 1 (R 4) , PRLIRGIZ 22 (B N
RGiRE,

XFF 2 GRS AN LS DNA 4, R4
WREMR/NHE G YA, K/NE 0 ~4 bp Z 1],
25 I T ARG AN E DNA 0 Hr ] R Se iR 2%
18 30 XF 519 iy oAt



4 1 K BEAF KSR mE i SSR AR IC 4 E TR R B N R 821
x4 BHARESH 3 A DNA SR —HBXZRWSTER
Table 4 Allele sizes of the same group of inbred lines determined using three DNA analyzers of two models
) AR e BB 21 R
AZH Raw measurement Adjusted value Difference of raw measurements System error
Inbred lines
(D (2) (0) (D (2) (0) (1)-(2) (1)-(0) (2)-(0) (1)-(2) (1)-(0) (2)-(0)

1 184.28 183.94 181.63 184 184 182 0.34 2.65 2.31 0 2 2
2 184.05 183.84 181.58 184 184 182 0.21 2.47 2.26 0 2 2
3 198.61 198.82  196.25 199 199 197 -0.21 2.36 2.57 0 2 2
5 184.05 183.89 181.62 184 184 182 0.16 2.43 2.27 0 2 2
6 192.96  192.99  190.57 193 193 191 -0.03 2.39 2.42 0 2 2
7 184.23 183.94 181.60 184 184 182 0.29 2.63 2.34 0 2 2
8 193.00 193.06 190.59 193 193 191 -0. 06 2.41 2.47 0 2 2
9 184.23 184.06 181.65 184 184 182 0.17 2.58 2.41 0 2 2
11 198.71 198.81 196.37 199 199 197 -0.10 2.34 2.44 0 2 2
12 192.95 192.89  190.43 193 193 191 0. 06 2.52 2. 46 0 2 2
13 198.60 198.90 196.38 199 199 197 -0.30 2.22 2.52 0 2 2
14 192.70  192.89  190.51 193 193 191 -0.19 2.19 2.38 0 2 2
16 184.04 183.85 181.65 184 184 182 0.19 2.39 2.20 0 2 2
17 198.70  198.93  196.42 199 199 197 -0.23 2.28 2.51 0 2 2
18 193.00 192.91 190.52 193 193 191 0.09 2.48 2.39 0 2 2
20 184.05 183.82 181.58 184 184 182 0.23 2.47 2.24 0 2 2
21 184.13 183.79 181.62 184 184 182 0.34 2.51 2.17 0 2 2
22 198.61 198.81  196.38 199 199 197 -0.20 2.23 2.43 0 2 2
25 192.84 192.82  190. 61 193 193 191 0.02 2.23 2.21 0 2 2
26 198.60 198.91 196.38 199 199 197 -0.31 2.22 2.53 0 2 2
27 198.70  198.91 196.34 199 199 197 -0.21 2.36 2.57 0 2 2
29 198.70  199.02 196.43 199 199 197 -0.32 2.27 2.59 0 2 2
30 183.95 183.74 181.60 184 184 182 0.21 2.35 2.14 0 2 2
31 193.07 192.86 190.52 193 193 191 0.21 2.55 2.34 0 2 2
33 201.62 201.92  199.25 202 202 200 -0.30 2.37 2.67 0 2 2
34 192.86  192.87 190.52 193 193 191 -0.01 2.34 2.35 0 2 2
37 192.79 192.84  190.49 193 193 191 -0. 05 2.30 2.35 0 2 2
39 192.91 192.94  190.63 193 193 191 -0.03 2.28 2.31 0 2 2
40 198.70  199.00 196.49 199 199 197 -0. 30 2.21 2.51 0 2 2

(0) (1) (2) Z5IH8 3 3130(0) \3730x1(1) F1 3730XL(2) ;3130(0) 3730x1( 1) F1 3730XL(2) 45483 3 & DNA 43414, FIH
(0),(1),and(2)represent the 3130(0),3730xI(1) ,and 3730XL(2),3130(0),3730xI(1) ,and 3730XL(2) represent the 3 ABI 3730XL DNA ana-

lyzers used in this study. The same as below

R B [E]— DNA 43 Hr AR A1 UORE ] oA
7] DNA S A3 ([R]85 A [) 7845 ) A I 50 40 i)
RGLRZE RAE 30 XFPEEE1 X 40y HAZ R MY
14 7 BETE 3730 XL DNA {3 A3 A4 28 % 30
A~ SSR S SEN AR SEEAT T A 44, FF B E T A
(2 B8 Al MR EE 3730XL & DNA 437X 4 43 #7
SEIL 454 SSR ARiC A EE & B 4, XA AE
AR SR A T T U

FEBCIERE b X A5 [ 7 55 A A5 AR
PEAT T A 44 . BEASSEALAR S B AT 44 B BRic & Rk
IRETR =8 i R e N EE TS S LR S 1
“cnu_m139a-157", %2 FIH T 30 4~ SSR 1 254555
PR S B R/INVEIAR R, A 2 BE A A, R TS BE
() RAE AV S AT e S5 B 1 S IR R
REILATREZ O AE 5 . X THV AN A5 R 1Y
GRS R T 258 RE I S IR R

x5 7 DNA SH{LERGIRETE 30 5 MHH2
Table 5 Distribution of system error between DNA analyz-

ers for 30 primer pairs

5| 9% No. of primer pairs

%Zfﬁﬁ’%;ﬁ(l)p)
S (H5H(Q2) (1)5(0) (2)5(0)
ystem error
(1) and (2) (1)and(0) (2)and(0)
-1 0 0 1
0 12 0 5
1 13 5 10
2 3 16 12
3 2 8 2
4 0 1 0
&1t Total 30 30 30

TEFEATRE S A5 AL AR S AG I I, W] I A LR 2
WA, A S R AR RO T B RS S
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"W O R 15 %

1 P A AL S bR R ) 25 (L, W AR LR i
IIHHERGERZERI RN IASHEUCRE Sl 8 1E (B
FRRGERE WA BIRIE G B4R 28 S il . 3
bk AP PRAIE T DNA Bl iy ] A2 AR
2.3 DNA fEQHIERE

HRAE bk J7 2 X5 184 iy K Sk hh R R AT T
DNA RSB RAE . TERE KR BIC S, 20507 Y
F6 41 rAAFEMM 12 ML A DNA I8 R
Table 6 DNA profiles of 41 Chinese cabbage varities

FERAE S R X/ X, 22 G A a5 1 R AL e 572 X/
Y, XY IR A 2 A [ B o A S B
KN N BEAERT, KA BESG . JCRLEE AR il
R 0/0, 36 FIH T AR A B A oo £
T 41 43 K S R ) DNA $8 80808E . IR T4
iR, AXHHE T 30 4~ SSR A A5 H 12 AN B Bl
B — R R YR FPAT T 2 AR

RZ 1D cnul39 nial21 cnu327 nial01  Nal0-D09  cnu50 nia49 cnu295 cnu90 nia22 nia38 nia35

c403 1577161 281/284 1937209 270/270 284,284 156/156 328/330 192/192 184/199 309/325 336/342 363/369
c404 161/174 281,296 209/209 270/279 284/284 146/146 328/346 192/200 184/199 325,325 321/336  369/369
c405 1617167 287/296 215/217 270/279 276/276 146/165 330/330 192/192 193/193 316/316 336/336  363/363
406 161/163 281/296 209/209 270/270 284,284 146/146 312/346 192/200 184/199 325/325 321/336 366/369
407 163/174  290/296  209/209 270/270 284,284 146/146 328/338 192/194 193/199 309/325 321/333 366/369
c408 157/174 281,281 205/205 270/270 282/284 152/152 328/338 192/194 184/199 316/318 324/336  363/363
409 157/174 281,284 193/193 270/279 284/284 146/146 312/338 194/194 193/199 316/325 321/336 363/363
410 157/163 284,284 193/193  270/279 284/284 146/156 312/328 194/194 193/199 325/325 321/336  363/369
411 163/163 281/296 193/215 270/270 276/276 156/158 312/328 194/194 193/199 318/325 342/342  366/369
c412 161/174 284/284 209/209 270/270 284,284 146/152 312/328 194/194 193/193 309/325 321/324 369/369
414 167/174 284,290 217/217 270/279 284/284 165/165 328/334 192/194 199/199 316/318 321/321  363/366
c415 161/161 296/296 225,233 270/279 276/284 146/146 330/346 192/192 184/199 316/325 321/336 363/369
c416 157/174 281,290 217/217 270/279 276/284 156/158 328/332 200/200 184/199 325/325 336/342  363/369
417 161/165 290/296 209/217 279/279 276/284 146/146 328/330 192/200 199/199 316/325 336/336 363/366
418 157/174 281,284 193/193  270/279 284/284 146/146 312/312 192/194 193/193 318/325 321/333  366/369
419 167/174 281/281 241,241 270/279 276/284 146/146 338/338 192/192 193/199 316/325 324/336 363/369
420 165/167 281/290 209/209 270/279 284/284 146/146 312/330 200/200 193/199 325/325 324/336 363/369
421 157/163 284,284 193/193  270/279 282/284 146/156 328/338 194/194 193/199 318/325 321/336 363/369
422 157/157  281/296 193/209 270/279 284/284 156/165 328/328 192/200 184/193 309/325 321/336 363/366
c423 165/165 290/290 209/209 270/279 276/276 146/146 338/338 200/200 199/199 325/325 324/324  363/363
424 157/163  281/284 193/209 270/279 276/276 146/146 312/338 194,200 193/193 316/325 321/324  363/369
425 161/167 281,281 241/241 270/279 276/284 146/146 328/330 192/194 193/193 309/325 321/324 363/363
426 157/157 296/296 213/213 274/274 284/284 146/146 330/338 200,200 184/199 309/325 321/324 363/363
427 1577161 284,290 213/215 270/279 284/284 158/158 312/312 192/200 184/184 325/325 324/324  363/366
428 157/174 281,284 193/193 270/270 284/284 146/156 312/338 192/194 193/199 316/318 324/336  363/369
429 157/161 281,281 193/213 270/279 284/284 146/146 328/332 192/196 193/193 309/325 321/324 363/363
430 161/161 284,284 211/213 279/279 284,284 156/158 312/334 192/194 193/199 318/318 321/324  369/369
c431 161/161 281,281 213/213 270/270 284,284 146/146 332/332 196/196 201,201 325/325 324/324  363/369
432 161/167 281,290 193/209 270/270 284/284 156/156 330/332 192/200 184/199 316,325 321/324  363/369
433 157/161 284,296 217/217 279/279 276/276 146/146 330/330 200,200 193/199 316/325 324/336  363/363
434 174/174 284,290 217/217 279/279 284/284 165/165 328/334 192/192 199/199 316/316 321/321  363/363
435 161/163  281/284 209,209 270/270 284,284 165/165 328/328 192/196 184/193 309/316 321/321 363/366
c436 157/167 281/284 205/205 270/279 276/282 146/156 312/328 194/194 184/193 325/325 321/324 363/369
437 157/161 284,284 193/193 270/279 284/284 158/158 312/330 194/200 184/199 318/325 324/336 363/363
438 165/174  281/290 205/209 279/279 276/276 146/146 330/332 192/200 193/199 316/325 333/336  363/363
439 157/161  281/290 209/215 279/279 276/284 146/146 328/328 194/200 199/199 318/325 321/324 363/363
c441 167/174  296/296 209/211 270,270 284/284 146/146 312/338 194/194 184/199 318/325 321/333  363/369
c442 1617161 281,296 217/217 270/279 276/284 146/146 312/330 192/200 199/199 316/325 336/336  363/366
c443 157/161  281/284 193/209 270/270 284,284 156/165 328/328 192/192 184/184 309/325 336/342 363/369
c444 157/167 284/284 209/209 279/279 276/284 146/146 330/338 192/194 199/205 318/325 336/342 363/363
c445 163/174 281,290 209/209 270/279 276/284 146/146 312/330 194/194 184/193 309/325 336/342  369/369
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