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Identification and Evaluation of Resistance to TuMV of
Brassica campestris L. ssp. chinensis Germplasm Resources

WANG Xiao-wei, LI Xi-xiang,ZHANG Xiao-hui,QIU Yang,
DONG Hong-xia,SONG Jiang-ping, WANG Hai-ping, SHEN Di
(Institute of Vegetables and Flowers,Chinese Academy of Agricultural Sciences ,Beijing 100081 )

Abstract ; Identification of the resistance to TuMV of 127 Brassica campesiris L. ssp. chinensis germplasm was
conducted with the method of artificial inoculation identification and ELISA test respectively. The result showed that
the DI value ranged between 3. 55 and 95. 68, which expressed significant difference of resistance to TuMV among
accessions. Distribution plot for different resistance level to TuMV basically corresponds to normal distribution and
the peak was slightly partial to susceptible region. The result of cluster analysis based on DI value was similar to that
of the grading levels. 6 accessions highly resistant to TuMV and 13 accessions resistant to TuMV were screened by
seedlings inoculation identification. Their main agronomic characters demonstrated abundant diversity. The number
of resistance accessions with the characters of having wrinkling or pubescence on leaf surface taken a relatively
higher ratio, which demonstrated that the leaf character might have a certain correlation with TuMV resistance. The
result of ELISA test showed that the amount of virus in 117 materials was significantly different with P/N value ran-
ging between 3. 10 and 25. 37 ,but it had no significant correlation with DI value. ELISA test could be used as a
supplementary identification method in screening resistance materials.
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AEFRFEE AR 5N TSR
ARV R I 4% K T R R = Y 30% ~
40% At 5 R GRS AER, A,
H 38 KW — S [ 52t )1z 51 B, 2 i ik T
PEBESE 1 RERIR SR AN G BR S A 7 P A R
FE FEFH M FE (TuMV, Turnip mosaic virus) /& 3
B, LR T AR R G 7 S e 7
R EAT, e AR b R R A )
T2 5t FH A HOR S 27 D VR R Bl IR I L, LD T
BEAERGI&AE , UL R o B 75 6 7075 A A P 1 3
SRECHTE— B EE F ARG . (Hk 2y VA A7
FEARAEARAE R PR LS e R0 A e 17
17, B HU it AT 2 BRI iR e 28 0 A R
B0} ST T

PTAER , TG BR S TuMV HitE R 2 v A
Ptk 22 5 3R F A 40 B9 S N 5 fRAE D (T
TuMV 5t 9 J5 45 2 TAEM XT3 9 HAE T
P AT A, FRARE S e A 2 b O TRIR A
PR FH B S, X B U 25 PPN AR S T
(TR e S ANEE BRSO B AT, W A
1984—1988 A1) 87 PMALEERHZE A () 58 &R M

AAERE EFT T TuMV FPE %R, -1k B JORE B E

FRRIEAT T 4 5 R ERS 15 D HUIeH (L B
PIRE 2, VE P U6 LR A7 A 2R . X se B
L) L I AR U B , JE RIS AN BR 384T
SRR RAFRTRL, TR A5 7E 1996—2000 4F- X 3K
[E] 982 Iy NZEBR AR IR T TuMV Fith%sE 3t
L 9 3 R BLAA RERT 49 (s dhkl, ER b Pk
YEZ R Y TuMV 5> B IVE M B IR, AEAE 28
THFEEE LM, TuMV-C4 At 5T X iy 322
AR, BRTE) 2R TR g sp s

KREARGER AR T F 5, O T EEE
SR BT IR A P rp ) B B IR AL 1443 My, 20
FEHE LR A b JR 05 3o PP 2 AN 2 AN 45
BR SRR SRS UR B A ST AT . AR DL
TP RAF I ANGEBR PSP 5T 5% 5 R i, DA e B
127 (Wi AiAb AL, 2 5 AR BN TR 2
& ELISA #0075 2364 T TuMV-C4 bk R HTIERE 2T
W, SRR R, it — 25 TR ASZ SR PR E L 5
SR FIASGEER B0 Sl Al B Fh 2 Bl

1 #MR5FE

1.1 ##
DA ) 58 i3 =5 o o 0 Um0 R PR AT 1Y) 1443 11

SEER (2R TN AL, BEER 127 (2028 Ak Y
P S A AR A, 20 SR AT TuMV 31 T3
Y0 AN ELISA K il A4 4} 11 25 FR R0 > U5 b 3 D 3R
1, B RS E N R BT 126 y, 2RI T
I CEBC U RS B a0 AE 21 N LA
X1 G E AR EE HIRRFNE, & Y
S B R IR AR R R R | T
o AR 5 A R AR B BHE 4 R B KGR
Fofr 5T % 35 v 0 PR B AL o TR R | 2 R 2R 2
B A
1.2 REFHE
1.2.1 B# T2014 49 25 H¥ 127 R4
BRI SE HE M B0 B AR 25 C fEZE #E R T
10 cm x 10 em A E BB, B G 5 0T A9 B L o BT
e WEA =11, BCE T EARO B BE B S AR ST
IR & MR E . B R ] ORR B 20 ~
30°C , AR JE 15 ~19 °C, IF% a8, 3 KH
2OEEE S M, T2 1 DWE N T AR E
RS E
1.2.2 TuMV ATEHBEMEERZE TuMV ¥
FEFRURCR TR E AL 5 # X R TuMV-C4 Bk &
b P O B2 Bt B 2 AR I IF 5% T i SR e B R
AL, FEG IR TuMV 15 A 32 EE TR IR 2
PR EAR T vk 2 2 X B0 R A L 2014 4R
10 7313 HIFAT55 1 REERD, HeFhat, RARSE R I &
(g LI 1 A S A5 £t 0. 02 mol/L B
PR 2% MR (pH fE 7. 0) WF S 5L 50 3%, FH U2 20 1 U
R, S RV TN TR RN, K 600 H
S WIR Y54 T b i, 22 FFEEMS A F 81
W BE VT VRLE P T 1 9 bk O Il R 3 IR Bl S
SF BV K ot TE R 24 h, RERREERN 2 A
MEOTRIRE 1 EE A A, RS RS R A
Kk BE 2 26 C, IR BE 23 C, 20 d J5 AT
TuMV HitE%5E

TuMV SRR T8 A 1Y 250 K0 2 B 1 F8 5
DI VT A S (AN 25 Bk 11 25 I 9% D 4 3R R 3
FOECE A R 2 Pbn o) 2, DI = S R BUE
X PIRPAREL) x 100/ (RS m i x T ARED .
1.2.3 ELISA mEKMFE KR EE Agdia
S E TuMV-ELISA 37 &, X 117 £ Fh i (3£ 1
HJG * BRI A1 RE) 24T ELISA i 35 & A,
ANEE N BEALIE S A SRR O TR AR, 3 KR
5o R TR A S SRS S B R AT
SO DL SR A BRI s B, 5 Ah A 13 4y
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Table 1 Basic information of test materials

s R R U5 5 R R KU P MR R e b
No Name Origin No Name Origin No Name Origin

1 i TR || 48 DT /NI INARPFTT || 92 LR E3 g

2 i GHAEET | 49 T H 1835 THEMBNT || 93 R Y- DA T
3 FLRH 5 3 GREHE | 50 B E N SE TR || 94 TR TLHTRM
4 i LYEHEE | 51 FHR(HEM) THRRTR |95 FETRKEE R T
5 g RS R IR B E || 52 HimASE WTAFILT || 96 Kk R BT
6 PR Ak WL T || 53 PiSs s b MEGFFET || 97 TImASR PANE i
7 SASTHES WriLabi s || 54 STl B WPE R || 98 ENE gl
8 B FENEEES) 55 MR WPEETT || 99 [SLEIE TR E
9 TR e WWARTHRE | 56 LSIES LRSS 100 INEE DU 1S 2 B
10 TR A IR B R | 57 Y A e TRUSE 101 FARTEd LT

11 J78-09 (XH ) g 58 BT WHEDUIE || 102 HRELHA) A g X £
12 P E78-04 T 59 PIH A LA EHT || 103 REE (B IO RERES
13 T H g 60 vz LS| WIFEWIETT || 104 FHRhE OE[ &=y
14 LAV BE- B2 IEmEEd | el [ EAEP W e || 105 FLIE IR ISR ST A o=
15 B=AH TLIRE M || 63 LR W || 106 T4AH ALK IX
16 Py H Bk TIIRBERHE || 64 H M B WM || 107 AR WAL T
17 EIRTIE PN AR || 65 B AR MR EE || 108 BB AKX
18 L% VLIRFEET || 66 M) 3 TIAREMTT || 109 [EERINEES AL E R
20 L3 LA || 67 LR VINEES puiE ke | 111 oL DU 1| AR 3
22 hREH TLIRRMTT || 68 SRR LigTT 112 A TRHEER
23 FHE LA || 69 Y iASES LHEITE || 113 Ak IR EmE
24 W LA | 71 Y H WAL || 114 LR Wi 4 2ETT
25 PR S VIR R || 72 T B WLee || 115 UNEES s B
26 ZHE L/ R || 73 KEIZE WA || 116 BNE TERAR)IN T
27 oy N TLoRE AR | 74 faf i 1 WrtaoNd || 117 AT b B 42828
28 FHE HKRER || 75 JEEH T 4% WrLAlE R || 118 HHE Bl =R=,
29 T KR VLR ILE || 76 FEE B WEFFEE || 119 RIKFIE (3% TRIFI
30 KEFR HFRE | 77 REALERIL WTEMT || 120 EELREES HOR AR
31 Kk LM | 78 NE TRETT || 121 SIS i e =R E
32 AR LR E M || 79 HAE T 122 LA R
33 FER % WM || 80 SR ES WEALLTT || 124 LR UIE itk

34 PUH A VLo et || 81 605 H3E T 127 P4 H 55 QT GIREIE
35 ooy TLHRFRET | 82 I 578 B A 3 DROG IR | 128+ HARk WL
37 - hsR Hfr =M | 83 BT LRI 129 ULz jwiNE B
38 (B P Fils 84 ¥ vs-2 B 130 S WL S 1L
39 VR WA || 85 JEHEHSE JUARBI || 131 [TEAUNEES A
40 M FHRAT WEFE T || 86 BAE R EE || 132 Rl Bis

41 5P i MEEEHET || 87 =HAH G N 133* Bl 5 LI
43 S NIEd KERRBIX || 88 [USPEF-3 [USPII 51 =Y 134" Bhi3 5 LA
44 A 18 gl 89 ey ISR ES Ui R[] 135 ¢ DA% A 4 i LA
45 =S R || 90 ZHEILE PN ARIDE || 136* RS R B
46 iR P WA || 91 FRER SR LT 137* ML VLI
47 R R 32 W AlE B

HA " bR BB EEAT ELISA 600

The materias with * are not detected by ELISA
AL (5.14 .20 22 24 26 40 53 .56.72 83,103 .134) fifi IR IGS RS HEAR Kakm &, FIH

PUERIBTCHRAE SR ORAE 1Y 27 A EARR A TR, TAF  EFRIAE 405 nm T HEATRE S LI B I SE 0D, ,
ELISA frl 255 5RARIRMIC R, ELSIA KUTEAE  P/N = gEEES K OD,,,/ BN B2 0D, . P/N=
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2.0 I}, I M BATE P/N <2.0 I 2B BAM: P
1.2.4 Zito4 FIFH SPSS 19. 0 %452 1% DI P/
N B B HAR DRI, SR 4L N B 22 5 vk S R i
BRI RESFER . FIH EXCEL 2010 k{4
HEATURE A B TR - 231

2 FHRE5HMH

2.1 AEFKAZN TuMV Fiit A TEMEFER

R P BTN TR 3 e ik 6 127 I R4 ER
FSEHE T TuMV $itk %, How g 85k (DI Mgtk
SR 2, NFR 2 BE FT DL B R Y R
IR DI FE R0 AR AE 3. 55 ~95. 68 Z[a], AR #4
BT TuMV APTHER I I 8 25 53 43 U 155 48 4L
HEATHPE 43 R0 43, 78 127 Gy ak b Rk o, e
(MR) FUEG (S) A RHEE 92y, o % B0y B
72. 44% X EB AP RIEA SR IR AR AR 20 SR AL

F2 AEXBEN TuMV HITEETFELER

-l O BT A REAR . 6 13 BBt (HR) F1 13 AR
(R) MR I TR AR B R OiE AR i =3
W BB 14. 96% , 22 Py 7™ 5 A i Bl W IE Y
R (HS) #EF16 103, (BB 12, 60% , R &34
PERRE, ARG [RGB 5 03 B i U B Ay
ME(E 1), N FEE , alh Rk i 20 5L
ARAFG IEAS A3 A0 AR R A (I 1] S DX Bl Ml 25
FIIH SPSS B, MR PRI FE E0T 127 I AZh 3k
FISEHEAT RIS HT (181 2) o 7ERRECREEY 10 AL E,
127 (P a] 43k 5 KRIEHE, 5 1 BHFE 46 23
LR TR 4 A PURFR S, 2 1 S HEE AR 9 hrhie
P, 1 Ao A B Rn 37 £ v Ho b B Ae Al T 56 T2
B, S IVRBRLEE 2 Oy P iR ST Oy R Rl T, 2R
VEREE D T FTA 0 i B R 2 @i fh i, b
I3 A2 J 5 AR 1 B A TH R 0N ) 4 i 4
IR AU BAES A AN

Table 2 The identification result of resistance to TuMV in non-heading Chinese cabbages

H5 MIETEEL E/IR ' ST TE AL btk H5 IRTEEEL E/IREE o5 WIETR AR Btk
No. DI Resistance || No. DI Resistance || No. DI Resistance || No. DI Resistance
1 32.10 £2.47 R 35 48.41 £4.37 MR 71 25.19 £4.12 R 103 9.79 +1. 66 HR
2 27.41 £0. 86 R 37 75.31 £1.23 S 72 37.50 £0. 80 MR 104 68.52 +1.07 S
3 45.83 +0. 80 MR 38 67.20 £2.44 S 73 95.06 £2.47 HS 105 22.75 £1.06 R
4 47.69 0. 27 MR 39 47.94 £0.73 MR 74 37.99 +0.92 MR 106 41.59 £0.97 MR
5 10. 49 £0. 62 HR 40 38.27 +4.94 MR 75 44.24 +3.39 MR 107 59. 66 +2. 83 S
6 56.79 £2.47 S 41 60.56 +0. 32 S 76 59.88 £2.23 S 108 58.34 £3.64 S
7 86.24 +4.61 HS 43 39.9+1.99 MR 77 79.44 £2.43 HS 109 50.62 £0. 62 MR
8 46.91 +2.47 MR 44 80.00 +4. 63 HS 78 58.85+2.18 S 111 56.25 +£1.93 S
9 91.60 £5. 16 HS 45 51.15+£2.77 MR 79 68.15 £2.67 S 112 77.78 £1.43 S
10 72.22 £2.80 S 46 73.58 £1.31 S 80 68.83 £2.53 S 113 55.56 £0 S
11 68.52 +1.07 S 47 61.01 £2.83 S 81 60.19 £0.93 S 114 35.68 £5.18 MR
12 67.90 £4.94 S 48 39.75 +0.99 MR 82 47.94 £0. 68 MR 115 29.41 +£4.31 R
13 72.49 £1.22 S 49 48.89 £1.28 MR 83 15.68 £0. 54 R 116 47.84 +4.48 MR
14 23.17 £2.86 R 50 55.56 £2. 14 S 84 66. 67 £2.75 S 117 58.99 £5. 85 S
15 69. 14 £3.27 S 51 48.15 £4.28 MR 85 67.83 £4.25 S 118 54.16 £2.73 MR
16 57.28 £2.72 S 52 67.90 £1.23 S 86 42.59 £0.93 MR 119 79.01 £3.27 HS
17 46.91 +£2.78 MR 53 3.55+0.41 HR 87 57.04 £1.48 S 120 33.33 +£3.21 MR
18 57.41 £1.85 S 54 61.73 £3.27 S 88 52.38 £1.83 MR 121 68.52 £1.07 S
20 55.52 £0.04 MR 55 78.13 £3.35 HS 89 46.67 £1.28 MR 122 72.72 £4.94 S
22 4.63 £0.93 HR 56 10. 49 +0. 62 HR 90 79.66 £2.23 HS 124 63.58 £5.49 S
23 60.32 £0.92 S 57 66.73 £2.51 S 91 88.48 +2.78 HS 127 27.16 £3.27 R
24 15.81 £4.02 R 58 78.52 £5.79 HS 92 65.26 £3.43 S 128 45.44 +£2.18 MR
25 48.61 +£2.41 MR 59 76.46 £4. 40 S 93 56.61 £1.06 S 129 15.88 +1.44 R
26 10. 37 +0. 74 HR 60 74.81 £2.96 S 94 82.96 +3.23 HS 130 56.94 +0. 80 S
27 51.16 £0. 69 MR 61 58.02 £3.08 S 95 45.00 £3.53 MR 131 79.01 £1.23 HS
28 57.85 £4.17 S 63 41.87 £0.72 MR 96 78.84 +1.06 HS 132 22.66 £2.18 R
29 67.74 £3.93 S 64 60.73 £1.23 S 97 59.26 £2. 14 S 133 44.36 £ 1. 15 MR
30 45.68 +1.23 MR 65 78.84 £1.06 HS 98 79.63 £1.85 HS 134 26.67 £1.54 R
31 72.85 +£2.30 S 66 36.23 +3. 15 MR 99 27.26 £3.07 R 135 49.17 £2.17 MR
32 72.13 £1.94 S 67 55.56 £3.67 S 100 55.56 0 S 136 73.12 £0.92 S
33 54.25 +£2.53 MR 68 60.32 +3.30 S 101 33.70 £0. 37 MR 137 35.8 +2.47 MR
34 95.68 £2.23 HS 69 60.21 £2.75 S 102 47.37 £2.41 MR

HR: &9 ; R HU ; MR L5 S 80 HS : ik

HR : highly resistant, R ; resistant, MR ; middle-resistant, S susceptible , HS ; highly susceptible
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Table 3 The main characteristics of non-heading Chinese cabbages with high resistance and resistance to TuMV
s AP AL R A g nhE ke e rmEE RS MR R Btk
Plant Leaf Leaf  Leaf  Petiole Leaf Leaf Leaf
No. Name DI Resistance
type shape  surface  color  color  pubescence  margin division
5 IR CREN A i SN 5% J Bk HARZZ 10.49 £0. 62 fE
22 TR R BT i1 T £ sk £ R HH 4.63:0.93 [
26 KURT HoL Bl W & 7 B S THZ 10.37£0.74  EL
53 TFEEAE CkES A [CE TR/~ S S o &% FTHZ 3.55+0.41 [
56 LR HOT i RSN S 35 TG 2N % 10.49 £0. 62 [
103 MAZME  GRE PR - £ 4 o Ere 3 T2 9.79 £1.66 [N
1 1 e G R LRED7 o5 il > 2N THZ 32.1+2.47 i
2 L1 SRV I g Eos S| Gl Wk JTHZ) 27.41 £0.86 Hi
14 LA BB i IR [CE TR~ S S X 4% FTHZ 23.17 2. 86 i
24 biney BT oy T £ e ¥ B THZ 15.81 £4.02 £
71 uH g iENva L] T oS sk A Wk THZ 2519 +4.12 i
83 BH TR Kon WAk R &5y ¥ 25 JCH%] 15.68 £0.54 Eil
99 e IEVANEE 'S (1 A £ Sl It AR THZ 27.26 +3.07 £
105 MIERASE  REEN Q7 % ek 1 o 2N THZ 22.75+1.06 il
115 UNEES Hsr KR T ke i b 2N FTHZ 29.41 £4.31 i
127 A 5% HoT P (L€ £ 1 Tt 2N % 27.16 £3.27 Bt
129 POILE THIR 51 [ Tk N ESE & 2N J% 15.88 £1.44 £l
132 Rl S 11l7 T E Fl 7 2N FTR%  22.66+2.18 i
134 Bhi3 PN Ko i £ 1 o e TH% 26.67 £1.54 it
6or I ANT 2 AR BE H R TR B PE 0 bR v, B A
_sol 49 B4 SRR R ELISA 5 325 A9 2 F A6 IR
£ PR Jo s o 7 7 O i — 6 LT 1 Dy 2 0
= 407 FE AT Bh AR b, REAE SEPAE A7 RO i S ARAT P A
§~30, i, 34h A v ] — {5y il ST BBk ] P/N (RS
S S AT RESE A R H A R A R 22 | B fH] —
§20 i (AR PSP SR RS A — B S8
R .3 it
0= S-10 10~15 1520 2025 >25 HET, A ARG ER SR T TuMV Ptk % &
P/N{E432%  P/N value

B3 FEHKAE P/NENIESHE
Fig.3 Distribution plot for different P/N

value in non-heading Chinese cabbage

J TR T M ELISA K I 25 5 5 A T 4% 5h
W E FATMZE T 0 56 R, G P [ sS4l b AREBOR
15 T B R YT S a5 | IR BURE B D =5 1 1
B, A3 A 13 3 4 Ak i 6 BT S i X R RO i 1)
27 AR VEATAGIN (3 4) , & PL P/N {HFE 0.82 ~
18. 72 Z (8] ABAFAERE R 225, Hidh 9 #k1% P/N {H

PN ROIRIE R, AR AR X A A 20
HHEZ2 90 AFACHE i A4 BR F 20 B AU X TuMV 73
BT BTIESEE | O et — BT AR 7R LS BT
FE R LR ORURI . J5 R, R M A5 X 3R
982 1y ANZEER PSRBT IR (A IR T [ 5 S b Jot
IR AP E ) HEAT I TuMV BUrE S5, O et i
FREO 1 BURGFERE 49 fiy . FEANAEG 2T [ 500
SRS IE E F OR AT R G 7 A S PR
MHRHEA T FH (B2 BT, i ot R el PR 4 HLAT AP A
LA AR R R 5, 28 N TP S PEAT
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120¢
I — DI value
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35
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401
10
e e N e e A
RS No.
4 FEIKBIFH DI X P/N BT E
Fig. 4 The line chat of DI and P/N value of non-heading Chinese cabbages
x4 FERAFETEREK TuMV HHERH ELISA 1% R
Table 4 Detection of TuMV from asymptomatic plant non-heading Chinese cabbages by ELISA
% TS P/N {H %> TS P/N i G TES P/N {8
No. Disease degree P/N value No. Disease degree P/N value No. Disease degree P/N value
24-2 0 0. 82 14-3 0 3.80 14-2 0 12. 82
24-1 0 0. 88 40-1 0 3.93 5-2 0 14. 26
103-1 0 0.89 129-1 0 4.45 53-3 0 18.72
103-3 0 0.98 24-4 0 5.38 22-1 1 1.08
103-2 0 1.17 56-3 0 5.67 83-1 1 4.35
53-2 0 1.17 56-2 0 6.49 56-1 1 4.72
26-1 0 1.45 56-4 0 7.56 72-1 1 7.47
30-1 0 1.48 24-3 0 8.31 20-1 1 9.00
5-1 0 2.22 53-1 0 12. 60 14-1 1 11.75
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