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1.3 SRt 5&RK

M P& GenBank & 3 ) Cg -1 #H KW JF 5
(EU214531. 2) &3t BS54 a3-1(5'-CATTTTCA
TTGTTCCTTAGGTG-3") I F ##51#) a7(5'-GTC
ATTGTCTCGTTTCACTTAT-3"), T 2 Fh kil 45
L Cg-1 R HRIWE I A P38, I 58 h g 958
A W BARA B WA A
14 PCR #i&

LG E) cDNAL pL) AR , A KOD-plus
DNA R4 [ I 28 vh i (10 X)5 pl, Mg”™ 2 pl,
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dNTPs 5 pL, 5 U/pl. KOD-plus DNA % 4 fi
1 pL f7K 2 50 pL R AT B0 R A PCR XY 1 .
PCR VG . 94 “CAEME 3 min, 3235 #E4T 35 M
W, JEFREAME: 94 °C 30 s, 58 °C 30 s, 68 °C 45 s,
T SEHT . 68 °C {£1R 5 min,

1.5 PCR =¥ &K F 3l E

MEE B o PCR 7= 9 47 38 4 417 Y1 B, )
Tiangen 7 7 3 A5 W5 &6 I 18105010 771 £ (DP209) 1] i
alifb )% 2 8 pMD18-T #h A, iF — 8 7 1k 31k %
BRKMHFFHE DHSa 1, 20 85 1 50 F 20 0 3 , 341
L2 P KB %, SR EUFUR DNA AR, % T
VEHR ) M B3 A W B AR A BR 2 ) 58 A
1.6 F5Itb34%0 Blast o #7

* i DNAMAN % 4 Multiple sequences A-
lignment & ¥ 1 DNAStar # 4 MegAlign & F
(Clustal W J735) #F 47 2 5 k% W2 A& 55 1R )7 41 L
Xt, 7 NCBI B ¥5 Chttp://blast. ncbi. nlm. nih.
gov/) #4774 Blast 7047,

1.7 mRNA &g Fm

FIH RNA = 9% 45 14 78 2% 47 Ht 8 fF CONT-
RAfold Chttp://contra. stanford. edu/contrafold/
server. htmD) ¥} mRNA 347 22 ¥ i .
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FIF7E 26 43 M1 8 PROSITE Chttp://prosite.
expasy. org/) X IKBE HEAT 45 F9 S AT BB A7 i % &
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Cog-1 REEBEEREESFF LT
LU AR 25 28 i MjGNK JG 5 Fp i fl 42 H
GARZELE I MePYL FhEERY cDNA Ry B4R, F FH 5

21

Y a3-1 F1 a7 47 PCR §7 34, ¥ 34 =¥k 300~
500 bpM iR A4 (& 1), 3 if B e ] 0 s 5% 7 3
pMD18-T #fk i, 4 PR 20 4~ FE Btk 470 )5, 43 %1
A 15 ASFT 19 A 5 BEE R DY

1 2

bp
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i Sk BT 7R X3 PCR 73 1R &)%) Mixed PCR products
are shown between arrows; M: DNA 4 T i 1 #5 #fi DNA
molecular weight marker; 1. JUH: #2454k At MjGNK JG 7 Ff
Bt ¢cDNA 7=#) PCR products of M. javanica avirulent strain
MjGNK ¢DNA; 2: £ H G AREEL I MePYL Fifif cDNA =4
PCR products of M. enterolobii strain MePYL ¢cDNA.
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Amplification of Cg-1 homologs in M. javanica
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Fig. 1
avirulent strain MjGNK and M. enterolobii strain MePYL
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SCLRAE N LA K 4 NART CAATGA H Bl Cg-1 [A]
TR Y 50 4% 5 B 3] L 43 il 5 44 8 MjGN-Cg-1.MjGN-
Cg-1la MjGN-Cg-16 Fl MjGN-Cg1h-1~4 (|8 2),
¥ CAATGA R Bem P 1 Bk Cg-1 FE 7 51/ 3
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Cg-1IEH P9 58 & — B MjGN-Cg-1a 5 Cg-1 Jk
HE SRR 2% 1 B8, B 126 bp Ab (8] 2 B 55k
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bp &b (B 2 IREH O 14> 81 bp IR AHH AT 51
b Cg-1 FFFHNE 2 —8, 44 Cg-1 [FE)F 5
MjGN-Cglh-1~4 5 Cg-1 KN M IE A 94 % ~
98 %, Hitf MjGN-Cg1h-4 ) 3' 32 T 43 A &
JeLER LR SE P (B 2 A . R H TR 4 i
MePYL FifE R 19 /> BH 1 o B 1Y 7 Be K/ R 366~
430 bp, KRG —BUWITH, &5 L3RS 8 ARl IR
FF3 53 Sl 4 MePY-Cglh-1~8( 2), 5 Cg-1
FEBARRIE N 83% ~95% ., X 8 INIFHI A
# CAATGA J Bt (Bl 2 54 AE)



%32 %

AAATAATTITITATOOAARATTITARA

B FAR —F, G H GRS A — 4 ORF [H Ht 2k
ORF Zif% 1 4 3 aa W RKE 2), T & S KA 22

L Cg-1 FERE P 5 FFEIE T I, 0T L& 2 ntdiid 1 4 13 aa 19 2 K, U AR 25 26 AU 56 — A~

e ek K R
WIH ORF(K 2 JK@“ATG”#15) M H 4w 15 £ Ik ¥

EL AT O AT T ACEACARCAATTASEAMTAMCCARCACAATTATIANT AL

EATTTITCATEORY

Bayeaity

38

22 Cg-1REFIEERE ORF 4% % K 5 44

ms
i
i
™
m

ERERRRRRIIERNR
deqasaaaaan
I EEEELEEEET
e acaaaaan
TS T

«aaa
-
«aaa
S
-
el
-
-
-
-

.
im

BABSTTTICTITCT N

.
.
.
cTACCA

..

ASCECYACCA
Y
T
T

o
g
.

.
al-le

SAMAATTTARM
€
<

SALSSELSASSITICITILY
0

"
€
3
3

[
e

-
AAAAAAA AT T aa .

I -
R

e e e B e e e e e
b e b b e e

w
T
T
T

o

EITOCTACTOTTSCACTOACTOAL
.
.
.

3

v
T

U
T
T
T

153
e
.
L]

AAMTCTTAAGACOOCOABAMTTICTACATTS
S8TTOTCHACOACHTEY

1%

b b e e e
b b e e

i©

~ITTATATTOCTIOATCTCCAATTAACTCCAATTAM -

w

°
™

v
T
T
ABACARTTTCACABALT T TEOCABCAACANCETTAMCECAMNCEECCCTCTTTACGECCACABATCTAMTAASTEAMACOACACAATOAC

ALSEALASATS " TTTATATTSSTSAT ST S AATTAASTESAATTAALSS

ARACARTTITOAGRARARTTITROCARCAAT AN

WPTCuil ABTTTTTTTTTAATTTTITAAATITCTTICAATTITETT

Basriey

Wity
WerTCgihel AT 68 A

3

-1 [l 98 v B

N-Cg-1la and MjGN-Cg-1b are M. javanica avirulent strain MJGNK Cg-1 homologous clones
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Fig.2 Nucleotide sequences alignment of Cg-1 homologous clones of M. enterolobii strain MePYL
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MePY-Cglh-1~8 R H GARLELL i BE MePYL Cg-1 R 50 MePY-Cg1h-1 to 8 are M. enterolobii strain MePYL Cg-1 ho-
M

B2 JNEERZZ&HE MIGNK EEMBEMKE SR % H MePYL # 8 Co-1 BIERES Co

loop sequences are within the black dotted line box; The black arrow indicates the nucleotide C of MjGN-Cg-1a at 126 bp.the gray ar-
row indicates the position of 81 bp insertion of MjGN-Cg-1b6.the ATG that initiate the first 3 or 4 ORFs are highlighted in dark gray

VW4-Cg-1 NINHEAR L5 R ICfEFpE VW4 19 Cg-1 R F 5] VW4-Cg-1 is the Cg-1 gene sequence of M. javanica avirulent strain

boxes, the third ORF fragments are highlighted in light gray, under with the amino acids sequence.

VW4, B EHEPN N CAATGA B CAATGA fragments are within the black line box; J& {8, i 28 HE P

mologous clones; MjGN-Cglh-1~4

MjGN-Cglh-1to 4, MjGN-Cg-1,
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SIFE T, Co- 1 MR H sk A TX“CAATGA” Fr B
MmNz A B s 1 MREHEET ATG, F
FOL A Z AR L S 14~ ORF (& 2 3% K 67
FIFBAY) HRAS 1 A5 14 aa IIZRK. L, 2E & X
Cg-1 FEEE A v iy 38 in 193X A~ ORF Jir 4 55 1) 2 K
BP 14 aa Z k.44 K Cgl-Polyp3. it 47 — )7 5
4y M. ¥ Cgl-Polyp3 J¥ % ( MNGEVSSTDT-
CLYO)7E PROSITE W 3 i 47 25 #4 385 RN 2y 68 17 55
R, R HAFAE 1A B2 1 BORe 1T w2 1k 2 e s
H“SstD”(F 3)

Hits by PS00006 CK2_PHOSPHO_SITE Casein kinase Il phosphorylation site

USERSEQ1 } (14aa

B3 Cg-1EBEE=1 ORF &
% Bk Cgl-Polyp3 W Th BE fir &
Fig.3 Functional site of the third ORF of
Cg-1 gene encoding peptide Cgl-Polyp3

Cagl-Polyps

A Pinf EE¥S59531(5-13)
Obur AEROG993(Z55-263)
Azub AFLS0ZE66(43-52)
Cram EHMS9909(130-139)
Puuc EFDO4937(325-343)
Rcom EEF37088(455-463) - -
Pdon EGASSSZ4(1-16)
Jinu EZP_097143589(1-15)

Cgl-Folvypa

p Pdon EGASSS24(1-18)
Finm ZP_0%9714359(1-15)
Apau EFQZ3985(1-14)
Saci AEWQS077(1-13)
Caby EHO40414(1-20)
Fror ALH7R250(2Z1-37) FF
Tpar ¥P 00&6440559(1-14)

¥ Cgl-Polyp3 %I £ NCBI & (A 5098 )% vk 17
Blast 4387, & BLi% 2 K7 51 5 2 Fh 240 B L BB RS
Pyt — e DI RE AR A 3 S0 A R (T 4-A) X i
7] P8 2 HE R A Bt T PROSITE R 3 #E 47 2 BE A7 A 48
K, RV Z2 7 91 [6) B A7 78 S 2R R T B R
AL “SXYD” (X A1 Y (UBRMEEAER) (B 14-A
HEZRAED

HAh, Cgl-Polyp3 &K FHIL S 2 MAHIL K
H (Grx) ¥ 91 %% 5% 5 40 il o EGA89824 Fl ZP _
09714389) I N iy )3 51 A5 45 e AH AL 9F B 11 %)
14 728 FE R “ CLYC” W] i hy & 5/ — ik o S Ak i it
i M 7 A& (thiol/disulfide redox active site) ¢
FILOTCE 4-A SEEZEHE) . FE NCBI 2 8 8 R
HEAEEATFI KW H P Z YRR AL E A
1 N 3 2 A7 3K — R ST I M a0 P 31 CXYCY (XA
Y BT B A IR (K] 4-B LA .

LDIN 17

A:Cg-1# A% 3 4~ ORF 4if3 £k Cgl-Polyp3 5 NCBI I b Xt 2 49 2 ([ F T 51 49 [7 5 L 4 Alignment of the third ORF of

Cg-1 encoding peptide Cgl-Polyp3 with the homologous amino acid sequences of the proteins Blasted by Cgl-Polyp3 in NCBI; B:Cgl-
Polyp3 548 B F %4 M N Ui & B2 7 51 14 [5) U5 kb T Alignment of Cgl-Polyp3 with the N terminal amino acid sequences of glutare-
doxin family members; K Z&HE Jy i & (1 AG 11 8% B2 1k A2 &0 SXYD” , S5 4R AE A 5l ik / — B 8 4 Ak 388 J 3 1 A 5 < CXYCV L & 5 i 51
TN F IR AEE A P Y 1k {7 # Casein kinase [ phosphorylation site SXYD was highlighted with dotted box, Thiol/disulfide red-
ox active sites CXYC were highlighted with solid boxes, the numbers in brackets are amino acids positions within the corresponding
proteins; Pinf: MK & Phytophthora infestans; Obur: %K 424 Otoptera burchellii s Asub: i VK 1 Aequorivita sublithincola ;
Cram: Z BB ZEMUAT B Clostridium ramosum ; Pmuc: IR A THALFEER B Paenibacillus mucilaginosus ; Reom: B K Ricinus commu-
nis; Pdon: R S Y BR B Planococcus donghaensis; Sinu: %5 B 2 f0 FLFT B Sporolactobacillus inulinus; Apau: Aminomonas pau-
civorans ; Saci: W& BRELALAT B Sulfobacillus acidophilus; Caby:Caldithriz abyssi; Rnor: ¥ % B Rattus norvegicus ; Tpar: Turneriella

parva.

4 Cg-1EEFE=4 ORF H#MBZ ik Cyl-Polyp3 SERBEEANESEERF 5 Lk 33
Fig.4 Amino acid sequence alignment of the third ORF of Cg-1 encoding peptide Cgl-Polyp3 with homologous proteins
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Cg-1 # N mRNA 2K 456 nt, 76 H 5" &4
1/N2920 nt B9 57 4% A S (spliced leader, SL) F# 51 ,
A EARRGEWITFINZEEA 1AY
60 ntf & & AT &AWy 51 . A5 2
a3-1 Fl a7 F1 Y9 MW s BEARAL & ik 2 N IF .
¥ Cg-1 2 mRNA 4K P 3 KA 5% 58 b
) E AR 45 2 UM G H SR G5 & UM E 1 Cg- 14

A

LASUGAR * UUCAUUG

\

L

S

FEHFN Cg-1 FIPEIER mRNA 51 . i A ) 76 26 4
Mrax 4t CONTRAfold #£4T mRNA 4% 25 4 1 .
T A 25 R R L Cg-1 36 R 3" ot A7 76— A B Wk i 4
EH kR (E 5-A); “CAAUGA” i Bify F
168~202 nt(f£ MjGN-Cg-1 H2l 146 ~180 nt &b,
Kl 5-B) & Je g5 H p IR X (] 5-A~B R, HIf ok
55 5" 35 (4 B2 1A B AN 51 “ UUCAUUG” JE B W 4% B
a5 (E 5-A~B),

3" S 2 A
RIS S5

A,B~H Ml I~P 435l Cg-1 K mRNA &K, N MR 252k th MjGNK JC # #) Bf 50 f8 MjGN-Cg-1.MjGN-Cg-1a .MjGN-Cg-
16\ MjGN-Cg1h-1~4 MG H SR 4L H MePYL MEE L MePY-Cg1h-1~8 ¥ 5 RNA “ 245 B IE . A.B-H and I-P respec-
tively are mRNA secondary structures of Cg-1 whole mRNA, sequences of M. javanica avirulent strain MjGNK clones MjGN-Cg-1,
MjGN-Cg-las MjGN-Cg-1b, MjGN-Cg1h-1 to 4, and M. enterolobii strain MePYL clones MePY-Cg1h-1 to 8; [P N Cg-1 Fz H
)6 32 I 140~190 nt K3 & Je 4544, “CAAUGAA” Jy Bt B 5'% 5 2Z 5 1 B4 51 “ UUCAUUG” | B H2 /i 5751 (SL) F1 3 3ii 41
AR I ARSF M LIRS kAR R . 140-190 nt hairpins of Cg-1 and its homologs are shown in the dotted line circles, CAAUGAA.

and its reverse complement sequence UUCAUUG in the 5" end, spliced leader (SL) and 3" end of histone stem-loop conserved struc-

turet*) are shown by arrows.
& 5

Fig.5

Cog-1 EEEMERSELHE MIGNK TEMBMFE STIRE LK R MePYL # B Cg-1 IR 5 H mRNA — %45 4 il

RNA secondary structure prediction of Cg-1 and its homologous clones of

M. javanica avirulent strain MjGNK and M. enterolobii strain MePYL
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AL 2 FAREE L L Cg-1 Ko H: ] R 3 IR Y v B T 3 40 11

ISR EE R . Cg-1 ZEH C B 5-A ) 5 kR
Cg-1Ft ZEH (K 5-B~D )l Cg-1 [RWEIEN (F 5-
E~P) ) mRNA g 451716 — LE AL 4548, 4
W 5 A | A kIR (MjGN-Cg1h-4 R Ak,
Bl 5-HD A #5 T 3UE B Ab S & e 4540 5

MR LS H B o FE 20 140~190 nt &b, Cg-1 £
FE DR 5 ) R A — AN R e g5 4 (8l 5-B~N
BRED . 72 NHEARZE L dur, & “CAAUGA” Jv Bt ity
Cg-1 fl MjGN-Cg-1 (& 5-A~B) . MjGN-Cg-1la
(F 5-C)F1 MjGN-Cg-1b(E 5-D) 75 1% &b % Je 45 14
X, 5 2 W W3 W (E 5-E ~ H) A H,
“CAAUGA” Jr Bt 046 A 17 & 453 51 K — 46 (& 5-
A~H BB, L EMREEL R %7 5 X IIE
Y 254 (] 5-1~N [ 8D 5 TNHAR 25 28 i Cg-1 [
PR IE AR, FEIE S — A~ B RS- 34 X7 R e 445
Ay o M7 2 — > B - 2 X - R " 45 1)

3 W #

AFIRE 240 T 0 LB 25 B ) T B Bk R 5 2F 4T
o DR ) E AR R Y, O o S AR ) IR W) A AR R R AE
X5 IR B, Cg-1 AR b sa B T T
MR EE LR BT I T3/ Al M- 1 bk 3 A — i 28
RSN, WA HOC R R B IR B R e Mi-1
ok i o B AE 4 F S I AR ) 5 T AR
HAEWF R NE .

TERT N M WF SR b, 2838w ke T R H SRS
X AR il M1 PR 4 R Cg-1 A
PEIE S BT v B B Y 8 AN ) U 3k 2 ORS Au
Cg-1HEHFFIE Fr BE“CAATGA”, X 5 B R 1 89 I
MR 4t 2 VRN E VWSEY Y Cg-1 [al 3L X T 91
FROEAH—30, ZSS R — RS | Cg-1 B Al g
—ANTREN ., AR X T Co-1 S A2
ke LA K AT (6 Dy fE i 5 =0 H AT R I A G 4R
B, Gleason AN, Cg-1 K 7] fig & o H 4
/N F i 2 Kk mRNA A B R A7 6

Cg-1 FE PR e S A J& — > H A /NI i 1) 52 A 1
mRNA (small ORF mRNA, sORF-mRNA), t, A
e — M AE g% RNA™ , sORF-mRNA il 44 14
RNA 7EA0 T AW M sh Yy b |2 A7 AE  OF B R #5 &
R YIRE . B R A2 B ST F R E AL e S
BHE Y h — S ORsy 09 55 AR T [ 804 AR G 0 5 15
59 B enodd0, H s A B — 4> sORF-mR-
NAM SEAR M5 2 B, i 3 R AL ] 4 B 2 A~

NG BT 1Y 22 K5 TR UG5 G 5 T 2 R A
B m LS mRNA 75 RNA 254
% H (RNA-binding protein) %54 2 5 #1745 95 iy
e . FEAET 4 P BEARGE L AU ) 16D10 3
AR 1A sORF-mRNA, H 4% 1 4 43aa f /)N
O3 A 22 K, B3 WA 3 A A AR D R R
P R BT T AR

BEF X Cg-1 M N I [A] 5 5L A 1 Y 91 43 B
KB, HEE A ORFE (S H g 7% 22 KO HE A — 3, B
Cg-1 FEREN 55 SR A “CAAUGA” B BE B9 AT 72
A1 AR ORFCRIES 3 4 ORE) 4t 1 4> 14
aa I Z Ik Cgl-polyp3, It HIIREN M R A ML
JRAFAE 1 A I 2 11U 11l 18 b T BB 67 55 SstD ™ Al
1A S B/ i AR A A TS M A s “CLY Crhet
TR % 2 KT g J& AT D fg i . BV A] R HL AT 05 R b
o A AL 8 S . Cgl-polyp3 R A & WA 14 4
WHEZ K HHEE T AU 14 aa /N FREZ
KL AT FR AR T A B ] PR O, AT RE AR JTCIEE AR &5
2 b A g et v g O R s Ak kR R
SRS B R AEH U A W B LR M1 Bk A
it A A0 v 3 Ao R R b AUk A SRS 1 5 Mi-1
O B AR DNTTFE A& 500 B .

FL#8 Cg-1 5 T AR 25 2% d [] 5 56 B ) mR-
NA “HEE K, Cg-1 kA 140~190 nt [X Ik
PG BB 22 B3R X R “CAAUGA” 1 B 1y 4 AT 55
K(E 5-A~D [F D, 1% 22 858 — BRI 2£
WX Al RESE Cg-1 AR JO 8 5 (N DL &5 44 1
mRNAJERX 5 Mi-1 Hidk ik 24 E B (8 Mi-l
HAARE G IR S5, (RELE T
HREELE L Cg-1 [R5 A, A8 (5] )3 3 X 3808 i 1
SR I GERHI A A ) () 5-1~], M~P [RIJ8]) , % 7] fig
ST TR A 22 S o A H A T RE U6 B R
IR IF AR — A BS54, 3% Cg-1 2 mR-
NA 7] B IF A J2& DL Jmy & i 2 AR A 5 5 Mi-1
B E AR,

H b, Gleasong %M A, Cg-1 3 K mRNA
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Root-knot nematode Cg-1 and its homologous genes cloning

and sequences analysis

WU Ping' ZHUO Kan' LUO Mei'* LIAO Jin-ling'
1. Laboratory of Plant Nematology ,South China Agricultural University ,
Guangzhou 510642,China;
2. Department of Plant Protection , Zhongkai University of Agriculture and Engineering /

Institute for Management of Invasive Alien Species ,Guangzhou 510225,China

Abstract Cg-1, with 8 homologous genes, from Meloidogyne javanica is a candidate avirulence
gene corresponding to tomato resistance gene Mi-1. Comparing with its homologs, Cg-1 contains a
CAATGA fragment insertion. In this study, Cg-1 homologous clones from Meloidogyne enterolobii ,
a root-knot nematode that is able to overcome tomato Mi-1 resistance, were firstly cloned. Meanwhile,
Cg-1 and its homologous clones of an M. javanica avirulent strain in our laboratory were cloned. Com-
parison of Cg-1 and these homologous clones from M. enterolobii and M. javanica strains showed that
Cg-1 gene was inexistent in M. enterolobii that is there were only Cg-1 homologous genes which did not
contain CAATGA existing in M. enterolobii. This result further indicated that Cg-1 may be an aviru-
lence gene. Sequence analysis of Cg-1 gene predicts that the third open reading frame (ORF) encoding
peptide and its structural mRNA,or both exercise biological function of Cg-1.

Key words Meloidogyne enterolobii; Meloidogyne javanica; avirulence gene; Cg-1; sequence

analysis
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