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Preliminary analysis on the role of an EF-hand binding protein gene TaCabl in
wheat leaves challenged with Puccinia striiformis f. sp. tritici FENG Hao, HUANG
Xue-ling, WANG Xiao-min, LI Hua-yi, KANG Zhen-sheng (State Key Laboratory of Crop Stress Biology for Arid
Areas and College of Plant Protection, Northwest A&F University, Yangling 712100, China)

Abstract: Role of a calcium binding EF-hand protein gene TaCabl in the response of wheat to fungal infection
was studied using a specific artificial miRNA (amiRNA). Corresponding amiRNA-VIGS vectors were construc-
ted by the over-lap PCR method. Accumulation of amiRNA in leaves transformed with the amiRNA-VIGS vec-
tors was detected by northern blot and the efficiency of the amiRNA in silencing the target TaCabl was evaluated
by quantitative real-time PCR. Histological changes in wheat leaves challenged with stripe rust pathogen were
analyzed by microscopic observation. It was shown that accumulation of amiRNA reduced the expression of Ta-
Cabl effectively in the transducted leaves. Along with some changes in histological characteristics, leaves ex-
pressing the amiRNA suppressed fungal sporulation but increased leaf necrosis. The growth of Puccinia striifor-
mis f. sp. tritici was changed, showing an increase in hyphal branches and a decrease in hyphal lengths.
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SIFE B R IR S B 15 5. Bt il 12 30%
14 NIRRT B FR R 45 6 85 B 11, i kg A8
B 5 R R T AR S 1
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HAEr, PR CE S E F4aEn T US
SR B T AL DL KO 22 Fh PR 30 45 1
RN N R AR Y L EF A B A G iR
FIEE R AT Al 48 1A i A A B8 0 RN 1
R 22 Y KA ERFA27 LK 4R 1Y) EF
TR 705 I 21 b BE 8 1 B V% 1R 2 35 R
SR T IR AR P R X DR BRI B A
I JUAERA A AR G IR 40, Jakobek 55 47 1 45
BT E RN Y] e S BOd Bk R SE iR AR Y
T, Beper M WIS R, Y KEH SA
AEFRE 5N IR AH b BCI4 HE[A Y B 22 Je ik 32k
ARG R T RENMSTUB R R ARE ) 158 147
TP, Alejandro %5 ') % M3 & ( Phaseo-
lus vulgaris) 1) EF 55 & 148 8 AL 7E 7R JH
i ( Colletotrichum lindemuthianum ) 12 3¢ X i J& B
AR YA T RRUEBE WA S A IR R AR
FE XTI BRI PR JilR 30 (%) B iy Hh 2 25 5 AR 5 A8
A5 SR ST PR A5 5 A7 3200 I 1 1 S
PEA —EMRR, HETEAR WARIE

M Puccinia striiformis f. sp. tritici 5L 4545
T, TS B A B9 R N A ) 2 Y EE
TEIR F IATAEDY | /INZ2 077 32 B OR 1 5 £ 22
SEWURLTC A IR B 8 B LA BEA R Bt
FPRFE TN SR i e e A IR A
RITIEN S T RN RS I AR R X
1ok BE PR A5 BRI R B i i R T R AR DG
TEFTI A SE g0 il b, FRATINZZ SfpoK R 11 vh
SUREH B 45 B 148 EF 85 2K TaCabl
RS R ER, 12 1 TR E A7 7 40 R - A
HMEL, TE/NE 5 RGBSR N T, TaCabl i
& LA TR SRR 332 B [ E AR Y aa i 75
S, U RO AV BE Y CaCl, b3 )5 iz 5
RIA T A B A, TR ERRS b FRATTHE T
TaCabl WIS FH SRR RAES S T/INES %
BT EAE U HE AR R A 3 AR E Y
YEM .

o T BB A B T 454 EF TR ATE/NE 5%
B AR RAE N, A< 50 5008 o iR R N T
miRNA , F| [ amiRNA-VIGS & & %} TaCabl #47
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B I B T — A, oI — 2R
TR A DG I PR A A /N st A% it AR T 15 8.
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1.1 Sl¥igit 5kt

{#iFH Primer Premier 5. 0 X144 & H /N &
miR159a FIA TS PN Bc R 55 19, BT s |
Yoy 9& A Pac 1 Not T FRGIPEREVIAZ &5, F
JKUR 11 K20 DNA 1E AT PCR 974, 1
WA 2N B B % 31 T-simple ARG T )T, A
FHAT miRNA (amiRNA) #itF & (WMD3, ht-
tp://wmd3. weigelworld. org) , % 114 1& A amiR-
NA (amiCab ,amiPDS) , #] H over-lap PCR £ K,
4 amiRNA #4258 s B3 210 7 B L U R 1Y
i miRNA ) FH IR 1 P4 A DT, o B0 4F 19 R
BT ok B RAEZ AL EE (BSMV) 1Y y 41
b M HERY y-amiCab K y-amiPDS . FUFEAR BT
I,

1.2 f%53 RNA MRsMER

¥ B8R 7 £ ( mMessage mMachine T7 in vitro
transcription kit, Ambion, Austin, TX) 8 45, X}
BSMV 3 M (o, B,y) ,y-amiCab F 1 %R
FEH y-amiPDS 43 B AT R SN 5% | 3 5% 77 Wy e g
345, &

1.3 BB EEM

AR/ NFE ( Triticum aestivum) R KR 11 A0
INFE S W (Puccinia striiformis . sp. tritici) /NFh
(CYR23 .CYR31) ¥ i 7 Jb & AR H7 K22 4 W i
PR ST RTERAE . K TR 11 5 CYR23 # AR 35 F %
N, 5 CYR31 M REE A N, K i & Ak W A Je
/N BNRE W= A HIFE 16 £2T,
KIEHE 16 h, FRh K 3 G b aeiefh, 1%
TS % Wang 5 L, XFIREERD FES 48
T, HEFPSEERIS  TE 25 £2°C A 1F T BB m
Rig% 48 h Z R A K 16 h LIR 25 +2C &M F
R SR 4 R BSMV - amiPDS By R bk, 42 Fh
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Table 1 Primer list for VIGS vectors construction

Gene name Primer sequence (5'-3")

tae-159a-A CCTTAATTAAGTTCTTGGTTTCCGCTTGTG

tae-159a-B ATAAGAATGCGGCCGCTGGACCTTGGAGCATTTTCA
PDS- 1 CGCTGTAATCGGTTTAGAGCAGTCACCATCTTGATCTACTGTCAAG
PDS-1I AGATGTAATCGGTTTAGAGCAGTCACCAGCGGTCAGCGAGGGATC
PDS-1I AGAGGCAGACTGCTCAAAAGCGATTATAAGGGTCTACCGGAAG
PDS-IV CCCTTCAGACTGCTCAAAAGCGATTATCCTCTAAACCGAATCC
Cab- 1 GCTGACGGGAAGGTTCTCTACTATACATCTTGATCTACTGTCAAG
Cab- 1 GATGTATAGTAGAGAACCTTCCCGTCAGCGGTCAGCGAGGGATC
Cab-1l GAGGTATAGTAGAAAACCTTCTCGT AAGGGTCTACCGGAAG
Cab-V CCTTACGAGAAGGTTTTCTACTATACCTCTAAACCGAATCC

8.10.12 14 .16 .18 F1 20 d J& /3 BREE, JH T ik
WEUTRRCR . M BSMV-amiCabl3 d )5, &
BRI A T B 1 (CYR23 \.CYR31) 1
SR EINZ A 3 Rk, G RREE R T K
R G 1616 £2C Z5F T 100% FHXT 2 22 5 £
1B 24 h, Z G B BB AR B3 550 16 £2C,
R 16 h, M5 0.24 .48 1120 h J5 435
FAE HH AR A R, RS 80T H,

1.4 2 RNAE

FIFH Trizol 57 & (Invitrogen , USA ) $EHUN A&
FEM) A RNA SRS ] DNA B3 i R
TR A6 fic HE K ARG RNA f9 5E 24 M, 1 %) FH Nano-
Drop™ 1 000 AZFREE AR RNA (IR EE
1.5 Northern blot 2%

80 pg PRI E RNA £ 15% JR & PAGE 7
PR IR G  Eh M I B B AR e R A - R -7
P-ATP #5 iC #J amiCab DNA & 4 ( 5'-AC-
GAGAAGGTTTTCTACTATA-3") #1744 58, U6 1E
L R ( 5'-TGCGTGTCATCCTTGCG-
CAGGGGCCATGCT-3") , H & & 9§ 2 % 15 %
TR
1.6 cDNA &R 53%XBEE PCR 447

FH M-MLV [ % 5% Jif§ ( Promega ) 5 B ¢cDNA
S—E, AU cDNA SRR RE 10 15 )5 F T S2ht
F & PCR 4#7, FIA Primer Premier 5.0 %4, 2
& TaCabl (GenBank: GU984048) #ll TaPDS ( Gen-

Bank: FJ517553) 42K cDNA &5 i 7519
( Q-Cab-F: 5'-TGGTGTCATCAAGCCTGGTATG-
GT-3'; Q-Cab-R: 5'-ACTCATGGTGCATCTCAA-
CGGACT-3'; Q-PDS-F: 5'-TGATGAAATCGCT-
GCTGACC-3'; Q-PDS-R: 5'-CCTGACAAAACC-
GCACCCTC-3") , LAI/NAZ S fifi [ 7 2 K] ( GenBank ;
M90077) i N Z 1 i 1151 9 ( Q-EF-F. 5'-TG-
CATGGAAGTGATTCGGGTGT-3'; Q-EF-R: 5'-
GCAAGTGTCAACGCATCTGGTC-3") , Jj i} CEX9%™
Real Time System ( Bio-Rad) #4733k 4371, &M
1R R K S 0 R TF 22 % Feng 261 i J7 i, AL I
B Ce kXt NS 5L R A E A R 0 $E 51T 0 A
DI E H s 3 R A A 55

1.7 HAFMBEREBIES

PR AT 24,48 F1120 h SR SUERES
FESALBE )T 5% Wang 220 1905, AR AR
M3 BX-51 {2 f#5% ( Olympus Corp. Tokyo) M%<
B R R G B BRBEHLIEEE 50 MR
Yerio FIH DP-BSW B AF 00 T I 22K B8, W 22 07
UL RORSETH AR . K SPSS 34 17481t 2#
3T .

2 FHREHH
2.1 RRIEKNERERHE

T B R F amiRNA-VIGS & 2R 23 #iAE )
T J B R 1 S D DT R , 075 0B A5 31 e e LR 1Y
] AR AR R L2, AT PDS 3% — NS
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HPEFT Tk, BEd)n s 8 K, RIBERS eSS 3 At
TMERPIE IR S 16 d ZJ5 AR S i
B (P 1) o R 7 S A i o 35 DR %) 10 S8R ) s
P2, FRATHI A gRT-PCR H AR T /N2 PDS %[
AIARXSRIBAKT- (B 2) . IEEERTTLUE 3, #edg Jm
2 8 K, FEHE 40T LB amiPDS Btk , (HiX 4
AU A4 T BRACR A S AR A1, YT (B  t AN H
B, RS 14 d, DUBRECR IR B sl 19% . 456
B G W ERE  45 R 6 ~24 h RS
{RY N ISR FRA T e 5 13 d F
TR ARG BAE A TaCabl (FERT .

8 dpi  16dpi
Fig. 1 The photobleaching of leaves as PDS
was silenced

CK: leaves inoculated with FES buffer; 8 dpi: 8 days post
inoculation of BSMV-PDS; 16 dpi: 16 days post inoculation
of BSMV-PDS.

2.2 F A amiRNA-VIGS FZHR/NEE L5
EE{ETEH TaCabl BI1EF

TaCabl J2— AT E /TN Aok
P51 hrE BRI — D, FERTRBR T &
W, BRI A W B/ NP CYR31 B E S L
P ARSI T AR WMD3 BB T R
# A T. miRNA , FI| | amiRNA-VIGS 1K & 47 T3
BERIRIZE A M .

2.2.1 TaCabl WEJE %ot K BAr 4514 )6 0
AR T 57 (BSMV-y Fl BSMV-amiRCab) 10
d J&, T DATE/NZ 956 3 0 B SR Y 1R B AR B

(E3) . 4R 3 B A X /N 1 I 8 A K s
R AFE M, ARAEDTERBOCR TR BE 45 R, 688 13 d
JEHERNE 445 CYR23 FIl CYR31, %5 14
d AT LUE 2, HeM 23 i3 (BSMV-y) FAEY) 5 %5
X} & (FES buffer) WA 3% 25 5, Y89 ol T S AL (1)
SRR, Ui B2 R 75 A8 X 2555 T 1 A= Y i A
S, 5 23 9 B BOA B, 24 TaCabl UL ER G
(BSMV-amiRCab) , 4% 1§ CYR23 [H)/NAZ Wy A
TCHA 25 5 MR T LAY HR SN, I FERE
CYR31 /Nt Fr b, 2585 0 ™ fll i 7 — P2 B
REAR , FRATIHEI 2% 5L R AT BEAE /N 22 B AR 55 5 TR
Ry R fAEH

2.2.2 amiCab H AR RZEIE KT WUF TaCabl
B amiRCab 55 PE R ULER , R4 amiRCab ¥
i1 T DNA #4147 Northern blot 2252 K:AE . MK
4 ] DLF B, fE3EF BSMV-amiRCab )4 £k -
A, amiRCab 7] LA 159a BYFTA [-37 41 3145 3|
AR R, WA X PR A SRS,
WS U6 Tk HFEE

2.2.3 TaCabl WKL F5¥ K THE/NE
TaCabl & 75 WA LW ULER, X F0 BSMV-y Fl
BSMV-amiRCab 9 /)N % 18 #k 43 5l # Fh %% 5 &
CYR23 il CYR31, AT T H215 24,48 1 120
h (/N RRI B RNA #8177 B 5%, IR qRT-
PCR HARKG M T TaCabl WIAIXSFEkKF-, WK 5
FIER AR T 25 055 B 4 HR ( BSMV-y ) A LG, 7EFE T
CYR23 By/NEMH | TaCabl #3355 BIREAR T
66% ,73% M 70% ; TE4E T CYR31 Wyt J v AH XS
TR ED R T 69% ,71% X 65% .

2.2.4 WRFHI M N T HIHHIRR Ta-
Cabl /N 55850 HAE R E R, AT 52
TORIZHE RN UUR G /N BRI AL, TR
R M EAERZR T, 25 F A A SR A0 T A, 555 T
R A A EAN R R T B A A&
KEIR) o, MAEREMEAERR T HH)G 120 h, Ta-
Cabl SERBEUUBRI /N M B 8 SR B R Y e,
YLLK T XTI (P <0.05) , 555
FEFF ENI T 22 53 BOBUIEH T I 24 F48 h 219
HRTXIR(P <0.05) , MFEHEH T 120 h, 545 H
PR 224 B I S X BB (P <0.05) (22, 6)
X ek B 5 A AR AL FE A — 3, Ui % B AT g
— B ARG A
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Fig. 2 Time-course analysis of suppression of PDS expression
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Fig. 3 Phenotype observation of wheat leaves that TaCab! were silenced by amiCab
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Fig. 4 Validation of amiCab in wheat leaves
inoculated with BSMV-amiRCab
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Fig. 5 Relative transcript levels of TaCabl in plants inoculated with BSMV-amiRCab

Table 2 Histological analysis during the compatible interaction between Suwon 11
and the strip rust fungus CYR31 after silencing TaCabl

Necrotic area Hyphal branche Hyphal length

Treatment
48 hpi 120 hpi 24 hpi 48 hpi 24 hpi 48 hpi 120 hpi
BSMV-vy 0.04 a 0.09 a 1.65 a 1.92 a 1.12 a 1.44 a 4.73 a
BSMV-amiRCab 0.07 a 0.41 b 2.16 b 2.40 b 1.18 a 1.33 a 2.63 b

Note: The second leaves were pre-infected with recombinant BSMV-y and BSMV-amiRCab, and then the fourth leaves
were inoculated with Puccinia striiformis f. sp. tritici race CYR31. Average proportion of necrotic mesophyll cells calcu-
lated from 50 infection sites (unit in 1 000 wm®, measured by DP-BSW software ) , average number of hyphal branches
calculated from 50 infection sites (unit in 100 wm, measured by DP-BSW software ) , average distance from the base of

substomatal vesicle to hyphal tip calculated from 50 infection sites. Analysis of significance was calculated according to

the paired sample t-test method with SPSS software (b means P < 0.05). hpi, hours post inoculation.

EAE AN R A2 ) B A ST AT HEm
TaCabl T RESE—MEHRAHDCEEH . T HRiFxX —
B3, AT H ] amiRNA-VIGS 14 &, % i1 4% 5
amiRNA X238 R E1 TR

Sk T S AR FE R v R R B AR IS ], FRAT
Gy A HT T /NFE PDS BEPRAE S T4 G I AN R R 8K
MUTBRROR, 25 R0, e /N5 2 3 fb
BSMV-amiPDS 8 KJ& , fE 84 Mm% 3 b+
MELFEIE P E R, 25 16 KO IS 5A 3 i
4., i85d qRT-PCR, & BUAEEE H HBLAY 8 d /i
B DRI iR e TR T, AR R die i A DO BR & AR
PRGOS 14 K, XAILIRTA S BSMV-VIGS
Wi — 2™, 24 TaCabl ¥ BSMV-amiCab
UUBRIG , /INZE X A4 TR ) B 0 28 e A T A Ak, e
A B H ETHH ADD Xt B R
DR AT e X /N R 245 DA 1 el B I AT — eV
T AT B2 S B, 7INAE B I PR 40 LR BB £ X 3k
PRT X PGSR A HR AT RE 2 10 ] B 22 4 K

FAPRIE A AR AR, 73 0h 220 s s 2
T AEJEFEAN AL ] X 38K 5 22 AN B A K AE A BT LAAE
BRARKMWEI, B2 W25 25 R T HEZW
HR S0, X SE4E SRR TaCabl TUER G /INAE X 4%
BWPUEA g g, a8 AX TaCabl 1Y [F]
JRIEN BCI4 MG BESE , WF 9 & BRAE 32 3 (K X L 1R
P RARE RN K E S5 A BEAER R T, BCI4 &
RFIRIM | AR5, 24 TaCabl HUTRZ )5,
A XN AR N ST 3R
I A — S 25 5 FEAR B W IR Y INEZ b 5
W, 25 EIRBE T AR TR 22 19 BB 24K
MEL MR X5 RO A
FIJE A Hra32 78 5% FEE 35 F1 R H 7R & — 3
e

TATATYI 7T B 2 K B, TaCabl BEWEZ H] 4
TS E NS, UH B SA b > 5, HiE kK
ZERE LIEES . SA ERYIBURIFE R Y
P — 2SR5 OGRS I Y B A T DLGE



492 FEYIIR PR 43 %

A
A — %

‘~ , “? N e
P ,4\ L

.ﬁ) -

Fig. 6 Histological observation of wheat leaves treated with BSMV and infected

with Puccinia striiformis f. sp. tritici avirulent race CYR31
Observation of necrotic area of host cell (A and B, at 120 hpi) , hyphal branches (C and D, at 48 hpi) and

hyphal length (E and F, at 120 hpi). IH, infection hypha; NA, necrotic area; SH, secondary hyphae; SV,
substomatal vesicle. bar =20 pm. A, C and E for BSMV-amiCab; B, D and F for BSMV-y.
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