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Screening of Transgenic Wheat Germplasm Resistant to Crown Rot
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Abstract: To expand the wheat crown rot ( CR) resistant resources and screen new tolerant germplasm, we
have transferred three genes, TaPIMPI JAINPRI ,and Gastrodianin to Yangmail2 using particle bombardment meth-
od. Forty-three of the homozygous transgenic lines with three alien genes were obtained,and the mRNA expression
levels were analyzed. Meanwhile , we evaluated the transgenic plants resistance for the diseases of wheat crown rot,
sharp eyespot(SE) ,and Fusarium head blight (FHB). The results showed that the alien genes could express nor-
mally in the transgenic lines. However, the resistance levels were different among 43 transgenic lines. Twenty-four
transgenic lines exhibited significant resistance to wheat CR comparing to the recipient variety Yangmail2. The nota-
ble correlation was also observed between CR and SE but not CR and FHB. In the study, we had obtained a series of
resistant materials ,including two lines with resistance to CR,SE,and FHB and one line both resistant to CR and
SE, which would play a significant role in disease resistance breeding in the future.
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EESER/NZE REREIE 43 1y, Hoh 5% TaPIMPI 3
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EERIREIT AINPRI £ /NZE B4R 10 43 A KGR PR
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F bar FEREH R FEEEE MRS, T
Basta [ 5057 W% it 0 BE J5 , P FH PCR K (% 7 2%
SR E3 ~ 510, HA RN & ai b, RN,
L Z R 42 12 Pik % % i) C112633 Fi4g %
158 , B R VLI AR ML BE27 B A= W AR 58 T DR A7
CI12633 HLE8UHA P HEEIEAN IR R0, ¥ 42 158
HPLIR BN | R ERCE R SR
1.2 #HEEMBEMNERNRIEST

UG R /N 22 b ) B FE X BRI I e 2 s
it , 2K H Promega /3] AxyPrep RNA $2HGAF] & HEH
RNA , TaKaRa 2\ 7 1Y PrimeScript J2 5% 5% 187 £ 5 i
¢DNA, ¢RT-PCR *RJH TaKaRa /A H] SYBR Green I 7£
Roche /A LightCycler2. 0 2% %5 f& PCR 1Y b 4T,
WS K actin £, PCR 1 25112 8 SYBR Green
THERESRME, HEER AN SRR 859 W% 1,
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Table 1 The primers for expression analysis of target genes
LA 24 B 5%
Gene Primer
TaPIMP1 F.5'-ACGGACAACGAGGTCAAGAAC-3’
R:5'-GAAATGGCCTCCGTCCC-3"
AtNPRI F.5'-GAAGGTAGAACCGCACTC-3’

R:5'-GTCGAATCTGTCAGGGAC-3’
F.5'-CTAGCACAAGGCGGCTACCTATTC-3’
R:5"-GCAGTGATTTCAGCATTTCCAACG-3’

F.5'-CACTGGAATGGTCAAGGCTG-3’
R:5'-CTCCATGTCATCCCAGTFG -3’

Gastrodianin

Actin

1.3 #HEEMBHNRERELEERZ
1.3.1 EBFRMELTEHZE ZEROITEEE
ZHRY. X. Lin ™ (75 AR B, INEFh 242 70%
CPEHHE 2 min, TCREZKPPE 3 IR, 7E 3R A TR IE AR
FRARIAF 22 C FA#EZE, 2R 3K 5 mm B, 7 1 x
10°4/mL R 7272 W P 3R 1 min, 28
Je A 10 R F R, SR E RIS B T B
4011 (24 cm x24 em) I, ZER K5 ) — 2048 1) 4K
3%k, K 48R R HES 7 1), N—dii ] ) — i
B TR AT 22 C 90% BRI 14 d )5, 1%
AN bR TR A 2R R O, R A B R 3 IR
R s 3 7 7 R 2R TR A 0 ~ 5 2.0
GRS TR 5 1 ORISR B BN T
1.0 em;2 55 1 MR BER EAE 1.0 ~2.0 cm
Z 08133 GOAEE 1 MR BT R EER T 2.0 em, ST A
EH 4NN B ERNIE; S N,
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1.3.3 FEFMUELEEHZE RAHBEHET L
PEAT AR U S 0 SRR A6 () 22 1, T rf i
INAETR NN 10 pL % 5 x 10* 4~/ mL RAF T B 504 78
TR TR, BAME 3 d, M5 21 d AR/
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2.1 HERE#HRFENEERERIE

PRI FE R bR R B L2 R R AR 42 12 1 5
S B S RNA | SRR S cDNA X AH R H Y 5
PHEI 7298 Y622 1 PCR Rk #r, 45 KW, T 5%
FE PRk ARG R Y H B JE AR B 20 IE 7 Rk,
KRR B E 12 WA B (E 1),
AtNPRIFEA T Gastrodianin FENAEZREAR 75 12
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FEFLIRFR ZFIG R Tansgenic lines and controls
1 —11:TaPIMPI 3N H9235 ;12 - 22 . AINPRI FEP 5235 ;23 - 33 ; Gastrodianin FEFHIFRIK ;1 12 23 N2 AKX %3 12
1-11 ;Expression of TaPIMPI ,12 —22 . Expression of AtNPRI ,23 —33 ;Expression of Gastrodianin. ,1 12 23 were recipient control Yangmai 12
2:M-230,3:M-233 4. M-254,5.:M-275,6:M-289,7.:M-297 ,8 : M-298 ,9:M-307,10:M324 ,11 :M326,13 :N-57,14:N-112,
15:N-128,16:N-1269,17 :N-12231,18 : N-12232,19:N-1,20:N-10,21:N-20,22:N-54,24:G-1169,25 . G-1170,
26.G-1171,27.G-67,28 :G-12273,29 . G-12275,30 : G-850,31 : G-12276,32 : G-12277 ,33 . G- 12278
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Fig.1 Expression analysis of target genes in some transgenic lines

2.2 HERMPNEBRREELEE

K NI R B A A, X 7 3 DR Rk 2R B X
MU EEAERILE X EH HTFRADN
TaPIMPI AtNPRI F Gastrodianin %5 FE R i1t 2235
Xof 2t B DRURA Mok v ZE S i o i i Je ke 31— 4 4
5 R bR &R L2 R AR & 12 2R 15 18
B EIR (R 2) o T 22500 os bR R Al 25
JERE i tE 2= R W3 (F =3.80, DF =45, P <

0.0001) , ZH e 43#r (LSD) F W, i & 18 BN T
42.7 (ZAREAR A 12 ZE RIS T8 50k 75.3) 1)
24 (G BRI MR R 5 52 R AR ZE T e Pk 25 ik B
Wit 2 KV (P <0.01); 5 TaPIMPI (AtNPRI
Gastrodianin 55 /N[A] H B9 3 KRR 2 8] 79 25 8 95 - 15
W TR E AN K, 43000 45.9 43.9 1 42.9 {HE%
Gastrodianin FEPAE R B ZE R PTE I sE 11 MFE
IR R A 8 MR R IR HU IR T2 406 A H
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Table 2 The disease resistance of transgenic wheat lines

FUBE PR AR SE P RERL AT 509 R RIB X —IKF-

i ZEERRTAREL BOMRR TR R ARAWE/ MR (% ) || M &R ZEERSIRTTAEEL SONRR TR R ARmWii/ MR (%)
Lines CR SE FHB Lines CR SE FHB
7 158 100.0 69.3 17.1 M-380 24.7DE - -
W 12 75.3 43.5 12.5 M-307 23.8E 25.3 7.1
CI12633 42.7 20.0 38.8 N-12231 62.1A - -
M-12257 73.3A = - - N-1269 57.7A - -
M-346 65.7AB 32.0 19.3 N-128 54.6A - -
M-338 63.2AB - - N-54 53.3A - -
M-275 61.6ABC 20.0 17.1 N-10 44.5AB 45.3 7.1
M-233 59.9ABCD 25.3 15.9 N-112 41.6AB - -
M-254 57.6ABCDE 24.0 7.1 N-57 39.6AB - -
M-230 56.5ABCDE - - N-20 35.6AB - -
M-289 55.3ABCDE 25.3 18.3 N-12232 32.2AB - -
M-369 51.7ABCDE - - N-1 18.2B 33.3 10.2
M-335 46.9ABCDE - - G-848 73.6A - -
M-298 46.3ABCDE - - G-1169 70.4AB - -
M-1237 41.3ABCDE - - G-12276 53.3ABC 25.3 6.1
M-297 39.7ABCDE - - G-1170 42.4ABC - -
M-1216 37.7BCDE 26.7 7.1 G-12273 38.7BC - -
M-345 37.3BCDE 25.3 6.1 G-1171 36.6C - -
M-1218 36.1BCDE - - G-12277 34.0C 20.0 10.2
M-12259 35.4BCDE - - G-12275 32.3C - -
M-324 35.3BCDE - - G-67 31.1C 20.0 6.1
M-12256 34.1BCDE - - G-850 30.4C 21.3 11.2
M-326 27.33CDE - - G-12278 29.3C 21.3 12.2
# ARG FREFRIR 22 B R KF- (P <0.01) ; - oREEE

# Different capital letter indicates significant difference at P <0.01, — :Data are not available

2.3 HERMBURERMEZENXER

BN S IR R TR R B 4 A, 1 X
HR 15 Y EEEDRIRR 2R LUK, 3 (9w BEAARIEA T T /N
SR AR BRI DU S (R 2) . SURPR LS
TEH, ZARFEARGEE 12 Ay ISR A 7 2 R Rk
FBR N-10 Ry HpUgdh, Hodx 14 MR REBIR B R HiKk
oo REFRPIME S E W R I T AN SE I RR B YN
FORI LT 2 M EA & 12, HRFH M-307 1 N-1
HEPL 3 A E BRR G-12278 HEH L5 5806 .

R 18 AR xt 3 Fos ik B kb AT 2B
FHOCHME ST, & B0 25 68 995 5 B80H s =2 [ ) A DG 1
B3 MR BGET] 0. 66, 3 B /N2 X6F AE B A [7) 358
IS [ 35 1T BB A A6 3 o0 AH TR o Be e ML 5 250
I 5 AR AR Z A A AH DG AN i 2 (R 3) , R W A
3 T s Pl A [ 1 D B 5 R, (L 30 T o A T) 0467 1)
PUHEALHI T REA ]

£3 3MEEZEHEXES T

Table 3 The correlation analysis among three diseases

i H BRSSO TR A
Items CR SE
LU I FE 4L SE 0. 660 **

IREERRIR /N (% ) FHB 0.280 -0.004

= e B2 (P <0.01)

2.4 HEEMBRZSHERERN

Xof ZE S e 1 A HUIN T 30 1Y 5 A R bR AR
FICZ A 12 B F 2R Z AR BT 6 AR
PO, BN BR R A T S5 4 12 05 bR
AR 54 4 12 MAL(R 4) et b
REBEERINR R 5174 12 191X 28 3 S PRA7 A
BHEES ., WA 12 J& 2001 4 FEH &0, R 2R
B PG 5 Ak R Al AR VT R i A2 X 25 )8
TRTIRE FHRTEL

** Significant correlation at P <0.01
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Table 4 The major agronomic traits of transgenic lines re-

sistant to crown rot

}~T§T % 7. /T‘ % B )

s BB BB TRE PRI
) (em)  (em) REC (g WE(%)

Lines NS

PH SL NKPS TKW KPC
W 12 84.2 8.8 18.3 49.8 42.2 12.7
M-326 82.4 8.4 18.0 47.0 41.4 12.8
M-380 87.0 9.1 18.8 53.5 40.5 12.5
M-307 84.1 8.6 18.4 48.7 41.0 13.0
N-1 83.8 8.8 18.6 51.1 40.4 12.8
G-12278 83.5 8.6 18.2 53.6 40.2 12.6

PH :Plant height, SL: Spike length, NS: No. of spikelets, NKPS: No. of
kernels per spike, TKW: Thousand kernels weight, KPC: Kernel

protein content

3 Wit

TEFR [, BT /N 2RI 5 /N2 SO RN A2
R 9 1) e S R AR, IS R 5 | ke SR 8 F A
I TE TR R N 56 [ £ 3 7™ 5 WK R B3 4F
TFEIBE IR I G /N 2 P B3 2 O 7900 TT BT
S AHAER R /NE 1000 T5 (2 WOKF) T X 1% 0
FARH B, HAr T E N R AP SE E Tk, &
U B AR SCPER 5 , 7E % N 24X 1400 A3 5T
MRMIEAT T 25 e bt 4 e (0 JivE 2] 14 (it
AR M XU Y 82 53 /INFE b I AL RE AT 4T
PEGRE , H3RAT 13 (3 hBiRlos ', X425t
JEABTTE QTL B W] , /INE2 ZE S Hi 1k oy i Pk
AR R ARG OR X 2 QTL R4 HE R A0
e BB b S e e, HLBC Rl 2 s 1B 0, B RO
WA N [ G iR 1 QTL A I, %3
T3 AT LASA /N2 25 65 9 40 T 0% B 1) 5 e i ) 3 42
AT AN X ZE B A AR B U S R T A KT AR
HET/INZE SR, AT DA 16 2 B — 3 A7 AT Al B
FEDIAEAR , 18845 ARG 7 20 LA 20 MR A B 2 55 B
FEARELR AT 8 X O A PO R Al A
DRI 2 () 25 B ot S, i i 28 0 25 T o sl et
ZETEIE 5 SOM I AN AR B BB AP T S £y, I Hoax gk
BRI AR AR IR 5 2 AR A 42 12 #8475, "I LA
YRR e X ZE e Bt i

B R i 2 H B9 2 K TaPIMPIL F
AtNPRIFRIE UG W ¥ 2 K, WF 52 R B, TaPIMPI 3
P E 258 i SA 15 516 F B4, M TR PRIa .,
PR2 TLP4 Fl PALS SEHURAHOCHE 9 2238 | #F 1T ik

BB H B9 NPRI PR 4 ) 2 1 78 20 5
30 H o ) AR ARIE SE SRR M AE7E , 7F SAR
FN T, SA 1 SR FRBE N T 4 AR PN A I A IR T
NPR1 ZERAR 0 a5, 55 SR A A 2 o B fA B fic
TE C ARG EN P A B ST, FEAl i N L 2R
5 TGA 555t N1 & A HAE s T Wbl TLIE
K PEAEPURTE  Gastrodianin JE R 7= ) B 1
VER TR, e R s g AR s RakixX 3 4
FEPI R R4 R /N 22 X ZE JE e PP (R L bR R
I 11 J PR 2 3k 5 L 25 o 1 8 B0 A DG P AR I
AP SR BFTEE S 5 Gastrodianin Fe[RFE FR
I 1 J PR 3k o 5 2K 0 9 o 1 8 B5OR DC vk 3 A
KRZECN r=-0.91;1Mi%% TaPIMPI 5, AtINPRI F£[H
PRAR B Y3 H 3k i 5 25 17 48 B AR e AR
A B R AT A K A R R R AL
BT 46 R 1) 5 S AR ABL T  BA X T 8 4 3k
, T FRA T RN — 8 P M A E e

AN =1y e S E AN AR O
ANTRIERAS B 2 | ANBIFY 4 B/ N A2 3ot 33k R iy 2 P
HIFH AR B2 (P =0.26) A RS r =0. 28, 1%
SR /i % 82 Uy R AR I 4G SR — 20
H. B. Li %5 R 32 4 Fp AR B 153 DR AR
DH FHAIE T2 5 AR B R P 45 e, i Ag 225
GEAL  RHAE E AP TERLR AT REASTR], /NZE %X
PR EPUE QTL BYE MLt — 2 uEsSE TVE# A
W, /INZZ ARBEIR BT 81 QTL EZAL T 3BS SA Al
AP 2L R B B &k QTL F A T 3BL M
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RHLIR T e AR AS 2L S U R SR A T REPE TR K,
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