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Screening of Germplasm and Establishment of New
Evaluation Method for the Resistance to Wheat Crown Rot

ZHOU Miao-ping, YAO Jin-bao,ZHANG Peng, YU Gui-hong, MA Hong-xiang
(Institute of Biotechnology , Jiangsu Academy of Agricultural Sciences/ Provincial Key Laboratory of Agrobiology ,Nanjing 210014 )

Abstract: To screen the new wheat germplasm resistant to crown rot in Huang huai wheat area and establish
the new identified method for the resistance which can distinguish the other disease in the basal straw of wheat,the
resistance to crown rot of one hundred and eight varieties coming from Huanghuai wheat area was evaluated by seed-
ling survey method in the house and the DNA contents of Fusarium graminearum in the basal straw of forty-five
wheat varieties were detected simultaneously by Real-time PCR so as to analyze the relationship between the DNA
content of Fusarium graminearum and the resistance to crown rot of wheat. Twenty-two varieties with moderate re-
sistance to crown rot were screened out,but no more resistant or immune varieties were found. The correlation analy-
sis showed that,between the Fusarium graminearum DNA content in the basal straw of wheat and the average dis-
ease grade,there was significant correlation with the correlation coefficient 0. 73, indicating that the Fusarium gra-
minearum DNA content in the basal straw of wheat could be used as the important reference to determine the resist-
ance to crown rot of wheat. The new wheat gerplasm and the Real-time PCR method used for the resistance evalua-
tion will be helpful to breeding of wheat cultivar resistant to crown rot in Huanghuai wheat area.

Key words : wheat ; crown rot; germplasm ; Real-time PCR
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INFE PR PR AT s 35% ~89% T 258
P AN ™ B R 9 T TR 3 A /N 22 R B
fh 2l 203 B b= 2k DON 45 BB B 5% B, 2 /1
22 0B AR A BT PR & b A 2 7R R
R 7 2 48 T 208 3 e 28 UF RIS R a4, PR
(1) A FH 0225 J68 3 7 12 68 2 5 AR 2 AR UE BT o b 2
EJES

H A, N 22 BolR i i e 4B 500 A
R IRRTIZR G 0 A RE , R Bt A A BT A e A [
Z R R e BT i A X A R KT
SRR, PUPE S Iy T, PN Ah 2 DL AR T ()
PR DL RO R AR Sy 3 R AR AN
S 3% SN TSR S5 AF (R 5 i), 1T L ) 32 7N 2 AR FE 35
Ho A W/ SRR /INAZ R S5 Y T ax 4k
9 5 5 ZE S 1) R R R RE RN ) X A3, 5 T 2K T
TRPUPESE R MR | PR L, E Sy /N2 2R IR TR
TR A kAR

ZE TR I R AL R A= G /N2 R 3 /N 2 AR
B, RN ARERS , ENANE S T o
FoOEE # PCR, B 457 1 FH s J5 FR 19 5 1
SETAIAT T %, X /N 22 4L 20 9 B B A A
DNA & & 5 AR YU SO AT TIRAWFSR,
SEIRR /N R AR TR DNA it 5/
FE R B D P A i | R R ™ BE i A2 R L A5 R
DON # % & | ¥ SR 0 A 56 i T2
FIRBERIR R B A [, DRI, B 5 A 28 3 B 40 #T
e, ST /N HEERZEFT i JT R B DNA 5 128
FEEHTIRER  FE M/ P DNA & 5/ A2 28
JEIRBUIE P AH D | EE ST T T X0 At /N 22 25 5
o T PP 2 O I (E AR

ARHIFFY F BRI ZE X/ N S AP R R AR &R
SR, O R AT B AR S X AN ZE R PR, R
A b IX AT/ IN 22 ZE e B R AL Bl ; [R)E LA
RATR T VA R 9o TR, g ST /N A7 e 2K A AT
DNA 2¢ 648 it ( Real-time PCR) M5 )72, #R /N 42
BB EFF N RS HR 1T DNA &5 5 288 ™ i
(2 Z , %00 1 5 J7 vk F T PE ¢ F0 o 18 /N 22
PUZE I B R0 T 1T BE , 5 = /N2 2R R b A
FRIHERRE

1 RS 7%

1.1 ks
INFEHER S R (R ) dE 108 Y (F 1), BT
TR RNV B F B 2k W B R WF ST i 2 AW F o0 &

PEOE RN DR A, 25 6 05 0 R T OR AR ik U0 TR TR bR
FO609 FSUA, i 5L I R 4% 22 #% 1 RO301 H VL7
BAO B 27 B A P 08 4 W 55 T R M A 0 5T
PR fit,
1.2 INEZFEFREEE/NE LR ER

N ZEIEIRPUE I 2% Y. X Liu 5 0y
RIEAE B, INE R T L0 R ZE, K S mm £
£ 2T 1 x 10°4/mL R4k T B A8 F B R RP,
FEAD 10 min 5,10 KA ZFFIF 2 HA A E T K@
RRRIEAET (24 em x 16 em) b, ZF 09 4 K 5 ] —
H e mAhih s 2 BimsE ahiisk 2 em 24 4
4R N — i ] oy — i, B TR &, 22 ¢,
90% MEFERE SR 15 d J5 , ¥ N 5 bR HETR A 2589 &
IO, B MBI R 3 IR,

WRIEREEEHEERRR TN ~5
Gl YONE—HERBER E/NTF 1.0 em;2 HR
BB R EAE 1.0 ~2.0 em Z (0] ;3 % H
R R E R T 2.0 em, 41 K E 4
GoM A S B ;S N EISE T, A
SRR

IINFE BORG o e 5 2R TR 0L, R AR I R 4
22 K% T T 2238 AR R A i D TR 1 B PR U
1.3 Real-time PCR 947175 i%
1.3.1 RAFEINEFM/NEZEIDETZ DNA HR
B kg PDA BE3R3E EAE KBRS # 2,
TWAEWE, CTAB 3517 2 HL DNA; /N2 4y i 2L 358
1 em Z5FF (8 W R 525 T4, Tissuelyser ( QIA-
GEN 73] BE#E 2k HIRIAE 7 42 B DNA |, Eppendorf
Biophotometer Il & DNA ¢ B 1 i 2
1.3.2 Real-time PCR K& % PCR 51¥5
SCHR P. Nicholson %' Fgl6NF il Fgl6NR JF 41 43
5124 :5'-ACAGATGACAAGATTCAGGCACA-3" F1 5'-
TTCTTTGACATCTGTTCAACCCA-3’, Real-time PCR
WK FHl SYBR® Greenl ( TaKaRa /A 7] ) 7E LightCy-
cler 2.0 %G 5E f PCR ¥ ( Roche /A F]) B HEAT, &
RFIR 10 pl, 7 2 x SYBR@ Premix Ex Taq™ 5 uL,
5 wmol/L IEJZ 1] 51 ¥ 4 1 pL, B4 DNA 3 plL
(15 ng/pl) o
1.3.3 FREMERMES KA DNA AR
[ Ve 06 1 43 B A R 2 R 3% 22 158 DNA I
W (#2158 DNA e &K &N 15 ng/pl) , i
RAHRIIH DNA e 24 5 4351 27 10000 pg/pl,
1000 pg/plL., 100 pg/pnL, 10 pg/plL. 1 pg/wnl.
0.1 pg/pL, ARG HEE A AS [5] v B2 A 1 R 45 4k 7 1
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DNA F£ i 2 DNA B, 4 b3 2 M AR R PEAT Re-
al-time PCR, % Excel # {1}, L\ Real-time PCR
AR Ce H A AR, R4 Hik ] T DNA BT i 1Y
XFHICH R AR b, S ST b o R L gy R

1.3.4 /INEZEF DNA H#RBPEN  HER/NE
FEFR 5 B AR HORE A [R] 25 55 5 2O i AP 42 158 A1

FRBTELFIEN A 16 FTTR 2L S8 AR I T
PR 3d.6d.9d.12d.15 d A 18 d J54 0 10 #
INFE ) R ZE AT, BR O, SR HR DNA IR R 2
15 ng/pL, #EAT5 6 2 B PCR AN, AR5 [0 051 )5
3 DNA AR FRE 5 BT 3138/ 22 S 25 2 41
R4 IIH DNA & =2 3 Ik,

HoAth 45 sl /N 22 Sl Bl (38 2) FF S R RE
AR, THFR 1S d S5 BORE, DNA S EURN 2 S A )
W L, HAE 3K,

1.4 HESH
K H SAS 9. 0 Gtk kit AT

R1 hERM(R)EBHRME

Table 1 The resistance of wheat varieties to crown rot

R Hr

2 HERESW

2.1 MEBRNEFRMIGIE

108 15y /NAZ BRI = AR Bl 3R, G046 94 i
e XNERRIA K 14 Oy KT P R i 22 XN b
BE,FHAN 15 d 5, VA ZE T & 1 O, AR 6 2K
S E B, DO SN T 10 1.0)
BP0 ~2. 0% 2.0) HHH 2.0 ~3.0( U
3.0) AR 3.0 LA b A ik i o S bR o, A X St
BT A3 (K L), A TR S PR G
B R (222 63, 15 20. 4% , 349k B & X /N2 A
Ah TR AR (FR) 41 63, 7 38. 0% , AL FE BT IEAZ [X /)N
FIEE36 1 KILH A X/ NEMEL 5 0 Akl
RGN (R) o AR 9023 | JE 7 20 FifEAZ
33 AEHR R AR A A A A AR AL
R AER/NZZE SR, ol LAY B Brilk e i a] , 5
B Az /N Ry b AR CIRAR LE , DL

PidE A TRl (FR)

Resistance type Varieties

¥t HR ¥

i MR WEF 21, MEFE 33 WA 16,1 9791-4 554 39 432 24, #9023, JH 4 20, J81 2% 21, i % 25 ,BHY11 ,BHY14 N33 ,N37,
11B7,11E2,11E5,11E29,11E34,11E46,11E48 2112

gk MS JRPL 58, AR 8455 A 1 5, FHEAEE 95 iR 18, MEH 20,8 F 10 5,18 86036, T4 6 5, L7k 9625, Bk 253, i
48 5 54, PG, /MIE 22, /IMZ 54 {5 Y 10-804 , #3542 25 1R 2 27 , 14532 30, #4856, /11 2801 , #4312, 454 16 45 %
19,77 18 #3749 . #:5 66-9 , *P 1 16, 4 9507, AHY07 , AHY11 ,AHY12 , AHY13 , BHY04 , MvToBoR30 , N43 , 11 E25
11E27,11E28

ek HS 3 5, A4 073110, %3 168, HBHE 6172,k 9720, 37 25, ¥F/d 17, %4 20, 57 % 22, 11.% 816, T# 9 5, TH

13,7 S1129, T 10F-735 % 150 , B 225 , B8 229 1K 8 5, i3 3 5 e 2 18 i3 38, i 44 Wi 52 fi s 53,
WEAZ 55,8172 23 (59 10-911 4R34z 26 , #7229 , 4% 42 31, M0Hk 361,477 158 , 44742 11,4572 15,4577 18, #5005, 5 9405,

ARZ,N8,N27,PH82-2-2,11E6,11E17,11E20,7008

Wi 16 Limai 16

% 158 Yangmai 158

1 NEZERFE

Fig.1 Symptoms of wheat crown rot
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2.2 KRA%RJIE DNA EENEFRE B LEL

K P. Nicholson 25"/ i RAPD ¥ 34 47 i 1k,
MR RT-PCR 514, RHEA R A8k JT# DNA 1Y/
7 DNA HEfEfT PCR ¥4, A5 280 bp — 2%l th
L, F /N B PR A v AT RIIE PR 7 81, AT DL/
R HLRES TR T3 DNA B E SRR, E—
HARAL D¢ 6 E & PCR 1Y Real-time PCR 4" 4 46 F
Y R 45 4. 95 °C AR 30 5395 C 5 s,
62 °C 10 5,72 °C 20 s,40 MEHK

K FHB AN [R5 B R 43 4 71 T DNA 978
7 DNA ¥ 5 4T Real-time PCR #7314, B ¥ [% T
0.1 pg FESLARREA ZLY G A8, ARSI A 3™
Y, HEEEL, LA Real-time PCR MIf3HY Ct {5 K
AR, FE G PR AR IR DNA J & 9 XU Sk B
Appy, R AR A (B 2) , mIH A y =
~3.55x +30. 82, 7E 1 ~ 10000 pg 78 Bl N, e 14
I ,R*> =0. 998,

35.00
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g
s 2500t
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The Log value of Fusarium graminearum DNA quality
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Fig.2 Standard curve
2.3 INEEHEFAREHEIIE DNA EE N E

HERT B KB E

JFHRAEIE A DNA il BURE I ] | 2580 i
an AP 22 158 AL s AR A2 16 4300 TR R
3d.6d.9d.12d.15d Fl18 d BUEE, $#2H DNA , iF
TTARSSE J] %W DNA & &= # Real-time PCR € & 73
B, AR ] 05 5 R 3 0A /N 2 B AR ZE A R A 4 T TR
DNA &84k (18 3) , & LB 2 I (8] 19 475, 7
A FP IR ZEAT R ) B DNA S ¥y BRI 50E K
Rl 12 d N AR SRR R A B %) 25 9 e i
I AT RE DA AT %) S ZE AT rh R B R A i T T
{E TR 25 S5 AN S 35 B2 R0 1S d, B R FP 7 22 158
T SRR T B DNA 3455 14 8840. 5 ng/g,
TP FNEN 22 16 P34 & 70k 2021. 3 ng/g, 2

Sy R 16 d, 35 158 FLHZEFTF AR B i)
B DNA 248 B 5 ik 13389. 4 ng/g, /T % 16 1)
3.6 fif, oAt i Bh Bl S R Y CREEER 15 d BN
DNA $2& BB R 75 8 A g [i]

_ 45000.0 B
g 40000.0 - * HiZ16 7?0‘69060'6076
35000.0 - o 1158 R’=0.930
0000.0 - —-—- f8Em#E16)
5000.0 - HEd52158)

KRR TEDNAE & (ng/g)
Fusarium graminearum DNA co

5000.0 /-’. 02100067
0000.0 |- RP0 856
5000.0 - .
L2 P
O | @ Il é L8 " 1 Il Il I
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FERhHE) (d)
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B3 EWMEWE 16 Fi7mE 158 &I
ZHAREEHIIE DNA ST
Fig. 3 The changes of Fusarium graminearum DNA
content in the basal straw of Limai 16 and

Yangmai 158 after inoculation

2.4 NEEHEFFRAEIIE DNA FE5/)0
HERZ /N SEARZEFF R 4R JT /i DNA & & 5
INFEZESEIRPUIE IR, D\ 94 13 822 X/ N M KL
HORRIEHTEAS [ B 45 403 FH 96 35 5 o FIZE PR
ARJITE DNA SE=EHT (K 2) , NEZEEWTH
R 2.9, A IRAE 1.3 ~3.9 Z[a], FEFEEFFRE
W) B DNA 2% i~ 2895.6 ng/g, A% iR 7E
88.9 ~11909. 8 ng/g Z[A], B/ d A (&), h
YU FI RS T B DNA & Z7E 100 ~ 800 ng/g
ZIA], FUR G A 2278 800 ~ 3000 ng/g ZIH], 1M 5 ek
SRR £ 5 F 3000 ng/g, VI 816 Mk, 5
[FI A HEHR 6172 e 38 FfE A 55 A L, Ho
AR ARSI B DNA & i AR £, R IIZ 5
AR R ST T AE W R, SEBR UM T BE L
JoIE RN R BT TE 22, ARG BT R B, 45 17/
A PRV ZE T I T X9 5 SR AT R B iR T A
DNA P34 & il i E A G, A R r =0.73
(P <0.001) , BIVZE )85 55 ~F- 247905 9 KK 1 o o 55040
F,HEZR P by, FE T 22 AT R 25 9l J) B DNA
X AR RAR , R ZIRSR (B 4) /N 2%
FFARAT 5 TT T DNA F it vl VR ) 2R S Hi vk
MEES
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Table 2 The average disease grade of wheat crown rot and Fusarium graminearum DNA content

ARl (FR) R ESpE DNA 4t (ng/g) AR (FR) SR DNA & # (ng/g)
Varieties Average disease grade DNA content Varieties Average disease grade DNA content

ez 24 1.3£0.2 128.0 +3.4 Wi 23 3.2+0.2 2379.5 £65.5
9791-4 1.5+0.1 342.3 +31.4 9 10-911 3.3£0.1 4196.6 +57.7
#9023 1.5+0.4 357.5+25.3 T 81129 3.3£0.0 3260. 6 +164. 4
e 33 1.8 +0.2 447.5 £38.7 fE 9720 3.320.5 3238.3 +104.0
JiZ 20 1.9£0.3 613.4+71.9 R 26 3.3£0.1 4554.3 +250.3
11E29 1.9+0.2 88.9 £16.2 w31 3.3+0.4 2474.2 +406. 7
11B7 2.0+0.2 399.4 £34.7 11E20 3.4 0.1 2957.3 +251. 8
#EF 21 2.0+0.3 800. 6 £98.9 #8005 3.4+0.2 3015.5 +265.0
11E25 2.2+0.4 560.0 =69. 7 29 3.4+0.4 6288.3 +604. 7

WX 18 2.4+0.4 1144.5 +170. 4 B 168 3.4+0.4 3084.8 +318.9
1I7R 9625 2.5+0.1 788.4 +£78. 1 WE# 25 3.5+0.5 4952.1 +136.3

12 86036 2.6+0.4 1472. 4 £40. 5 HBHE 6172 3.6+0.5 3638.5 +50. 1

/IMIE 54 2.6+0.5 3280. 7 £290. 3 114 816 3.6+0.2 11909. 8 +1090. 9

B 229 2.7+0.2 1736.9 +179.7 ez 38 3.6 +0. 1 7665.1 +155.7
%418 2.7+0.1 1555.6 =7. 1 ez 55 3.6 0.1 5918.8 +135.7
BHY04 2.7+0.3 860. 0 £47. 3 HAE 361 3.7+0.1 2538.9 +69. 9

#EF 20 2.8+0.5 1187.4 +114.2 F 10F-735 3.7+0.4 3044.2 +55.9
/IME 22 2.8+0.4 2927.9 +26.9 W 20 3.8+0.2 5568. 6 +306. 3

% 49 2.8 0.1 1095.1 +165. 1 [ 4< 073110 3.8 0.1 2900.7 +119.7
iz 27 2.9+0.0 2144.9 £59.0 B 53 3.9+0.1 7425.8 +186.9
{55 10-804 2.9+0.3 1618.8 +96. 5 PH82-2-2 3.9+0.1 5097.9 +23. 4
AHY11 3.0+0.1 3916.5 +376. 6 Bt 225 3.90.3 4156.6 +114.4

B 150 3.1+0.2 2570.5 +£299.2
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The average disease grade of wheat crown rot
B4 NEZFREHIIE DNA S8
5B R FHRREEXME
Fig. 4 Correlation between Fusarium graminearum DNA

content in wheat straw and its disease grade of crown rot
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Fusarium 3% J5 & 55, 58 5 R FAAZ B 1TS (in-
ternal transcribed spacers of ribosomal DNA) ¥ -
tublin 2£ K Y IGS (intergenic spacers) J¥ 41 | tefla ( 1
alpha translation elongation factor) #& [H | 7 & &
Tri5 1 Tri6 3£ UL 2 MAT ( mating type protein ) &[]
S HAREEPI Y PCR S5 28, 875 H AR R T ¢
Real-time PCR /&t /i & 15102 AR5 R H
P. Nicholson %5y RAPD ¥ 34 &% &% 4k i i% 1
RT-PCR 514, W3 37 T Real-time PCR & &4}
Prosk, AR BN, fE/NAE DNA R T, 7E 1 ~
10000 pg HYFE A, R4S JT TR DNA it 0 K f
5j Real-time PCR [ Ct {HLHATBAF L PE R, AT
DL T/ NA AR ZEAT YR A9l JT 1 DNA 5 B0 E

INAZ DRI 5 /N A ZE B AT L ek A ] B4
T, QR R IT TR, 23 B G/ N A RS I ZE AT L3R5 |
o NI /INAE SR R T B TR SR
Real-time PCR 22 5 5315 5 KB, /N2 R AL A
AHRJITE DNA 5 i SRR AR YR SRR
(™ 5 5 22 67 L A8 LA K% BR ) DON #E R S5 B A
BRAAHDCHE . B2 R 5 MO, & /N 22 3
TRZEFF AR ARG T T DNA 7 it 5 /N2 2K I 1971
o e BEAH O, T LA DRy /N A2 ZE 8 s Bt 1 M 5 Y T
BSOS b, /N 2R | B0k i
MRS AR IR ) TR A B, A DU ¥ 3 B A
T3H0 AEZEIERRE AN B GO T iR R
DA FTHE R 2 S8 bR . B AT, ST 2 e XS
NSRRI NEZ LT, B AR IR /N
FLHZEFF RS I B DNA & 5 /N 2R b ik
Z IB] AR S ey 1 5 2 — 20 I IR S
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