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TR ANBS K HUmE E R £ 571 K X R E 474

TEMEY 5, 244°, MRE, hEEY, AREY, 84, %Y
"B AR B AR SRR BRI T RT, 1650205

‘A AR AR E S g, B650205

PR AR 2 5 A ARl 2 B, RH650214

CHE A K A TR B 22 e, 1650201

T vl = B RIS 64 R R oY 8 B AT B N(Cucurbita ficifolia) A A8, F A — R4 F MoK iEF 0
WAL 0 7 ik, AT BAT R ANBS £ 40 A B AT A 5 A ih ik, 4R B 7 ANB-ARCH 4 2 BB A 71,
%% T 434-CfNBS (NBS-type gene from C. ficifolia) k£ KB 2K 53], 47/ TTNL. CNL. TN. RPWg8-NA=N
RSN Rk, B2 G TNLA=CNLE A A 24 F0 134, R Gt 47 £ 9, CANBSE AR ST A5 4k
K7, ZAFHRENBS £ ik B g4 e A R b X A e e R E AT F 5. 5 R4 KA VAT ILRT,
Tk RAF LA £ 7R A 8 ZATEHANBS K K4 LR, 4N R E G . 2NE9HH. 2ATMVILH & & 423
MRS 48R 8, QRT-PCRAMT A 104 CINBSE XA B FaA% 3553 B 4571 /5 484996 hik IL L8 3, FifLAGL, T 6
A5 T ZAT NI AE F R AR F R B JE) B g i B A AR . 114N CINBSE X435 A 69 GO (Gene Ontology)
DT EIEN, B ANANFT IR EGEEG TR, SMH KL, R AAREZ F105GO0%K
B¥, FRSThE READPLEL . TARLRBR/ FRABNELEL . MR EMASINCGOFKE T, Mg %
WIETF S 042 5 TMV AL & & ) R 6924 2 B (CL19588contigl #2CL21402contigl), 80 X 24N 2 B 72 3709 51 25
WA P AR T FB2AEH . 11ACINBSE X425 A qRT-PCREAL L A 4F F AT R, dk. . tREZ TR
% 504 R B 45 2 CL34065Contigl . CL52011Contigl . CL6035Contigl #2CL19588Contigl. vA k%5 %+
AR B AT IANBS £ 3 0% 2 B 49 4[4 Ao 2h 5060 3E, VA BBRAT B AT ) JNvh) B A 25 % B 38 64 do bt o B AU 32
HEF.

X BRI AT N, A E R 4534 NBSE K A ; qRT-PCR

X7 Fd JN(Cucurbita ficifolia) & w5 JNJ&(Cucur-
bita)—F B 2 AL RUR R S VEREY), HOOHIGER . T
. LIRS IEAEYT A BRI
TR 4, %o A ) 30 55 2 TR A 22 5 A AR SR I B e,
O NIRRT ARG 205 (1) b7 va (R A2
552014) . JREHE 220 A& 1A Ak ) 3 (Fusarium
oxysporum) &£ 5| KL ) — Fh EL B AL, £
JRE = BN ot ) BB 2 — . 1 E YU s
SRR 20 KR A & 12, 1298 BFF r R Ze
B R P 5L R R R0 TR P00 >+ B M A
A EE S o ENE R ANARZE, FFE
TR AR RT DARE S AR 1) i R G A PR 808
Al P01 T, TS RO, ATl O 1) IR % B 9%
J W (HowdenFlHitema 2012), M5 2= 4H R
BRI RR PSR T, SRR L, BN H
25 38 11 75 Ji B ()9 i (Jones FlDangle 2006).

BRI SR AR B RN R A %, {H AR A

WP i R B A G A A o IR AT, RE 4
KR 5 TREAE DO B 0 SR (EEE2018):
BRARELSHEEZAER. §ERERE
REMEEAEEE. 22/ AREE. FRE
Jir Bt DA R b BR 45 5 7 e AN ' 5 &R B2 52 (nucleo-
tide binding site plus leucine-rich repeat, NBS-LRR)
PR E . EARZ PR EER T, NBSIEIE A2
T H A H B H e 2 B PUR BE R 50 . R A
NBS-LRR & H 45 R i SO H 7 32K, Rt
TINBS-LRREGHPUFRE . IFHAINBS-LRRE 1)
PO R B AN R R 45 R 4 ONBS-LRR UG 22 H

ks 2020-04-28  fEE  2020-07-10
B EEKARBIEIE4(31460516). = K Kb 2 2E )
WA RIS AF([2015]57) mRE ERBEE RS
(2018FH001-026).
* o JLEDEAE A B4 (55374318@qq.com) M IE %
(454483788(@qq.com).
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JLYNBS-LRRAU d AR N 45 1) 1R A 7] 3
/%39TNL (TIR-NB-LRR)FICNL (CC-NB-LRR).
JE L AINBS-LRR 45 84 41 25 [ S/ TIR/CC (toll/
interleukin-1 receptor like/coiled coil). NBSZ5 &1
FAEYLRR (leucine rich repeat)&5#43. HAJ, ML
K(Zea may) (JohalF1Briggs 1992). HJ# (Saccha-
rum officinarum) (K HE252009). H % (Dioscorea
esculenta) (R 7KEE2006). 75 J\(Cucumis sativus)
(T E4E4:2005). A [E e K (Cucurbita moschata)
(U H45E2007) 75 )R (Citrullus lanatus) (3548 5%
22008). EtIN(Cucumis melo) (T % #£22011)F1%1
J\(Lagenaria siceraria) (B /755201528 Y h 3k 15
4> NBS 40 2 K sy R 7 41 . 28 #2018
FEA N BB R TN HR T [ 31 1 2 NBS B0 B [A] [ 95
JFHIHORGA2 (T EA§552018), %T HKF g I af
RE 2 11 51 22 NBS Ui 22 [A] 1 AR I R A ¢

AR v 0 e s L PP R ) R R, AT
DL R G5 Mt W) P 26 R 1 22 S AR IA etk 3BT
DA 26 A28 i OCBAE F  butEd R . itk R
T 50T 432 P R 2295 11 i T ¢ 12 PR KT R ) o R AT
TAREE S, R IR A KRS TN
AT KIS ALy, I 0 A e s 2N e A &5
G AT A WAE JE 5 O B S I RE A H B RE R I
NB SHU ¢ 176 J R AN G BEH U BE R, g 73 12t o R
KR AL R Bows 2 R AT SR B0 41 B Fhsa e |y
LA, ]I RT Sy 1) WY T 28 7 e A 25 R
P R LR HEE S

1 R57HEE

1.1 LA R FNE

PLER B B KT Fd J(Cucurbita ficifolia Bouché.)
HMEL M RIET A ERKE. AEERL
W E )M AE T BRI A ]« A T A
BT B RN E WY (Fusarium oxysporum f. sp. cuc-
umerinum) /N4, SR B ARV E A E 57
B ORI
1.2 BifmR —RERENF
1.2.1 #EREEME IR

FhZ I w5 97 R R R4 s o S U7
VRIRSEE QAL TR EAT, SRR AR IR %

(T EHMFEF2019)0 T HPALZE5 141 J5 48196 hR 4R
FEADAL PR A e D RE T, SLRDE TR R R,
FEIE 58 T —80° CHREK I VK A8 DR AF o P /N B[R] £
AR IR 3 IREE, B4R 100k
1.2.2 SRNARERREUR — AL REMF

SR EFT e T A AL B J5 48196 hLL K x] i
FEARNA, SRNAFIFEE K FHmirVana™ miRNA
Isolation Kit (Ambion-1561)i{7| & i#4T. *HIlu-
mina Hiseq 2500°F &7, Z46_FIGRR 5 A=A i
N TER.
1.2.3 ERFTKIAE[F (differential expression genes,
DEGs)fifiik

o BE ARl S 481196 h, %2/ Ab FEZH /) BT 4L
¥, BICK-VS-48FICK-VS-96. FHHHET 2 (1% 5%
AUnigenef i, HR45 7 F1 AR L X 1 77 7248 H
B ABowtie2 (Langmeadfl1Salzberg 2012) (http://
bowtie-bio.source forge.net/bowtie2/manual.shtml)
HIExpress (RobertsFl1Pachter 2013) (http://www.
rna-seqblog.com/express-a-tool-for-quantification-of-rna-
seq-data/)>K % UnigenefE & FEAH ) RIEFE . LA
FPKMyZ(fragments per kb per million reads)it & A
[F]F A 4 Unigene ) 34 & J5 (TrapnellZ£2010),
I FHRNA-seq ¥4 LU 70 # 3 — A FE R AE AL P AH.
HE A ZE R RIL, LAP<0.05H Z 5 R
llog,Foldchange|>1.5 AFrifE T i DEGs o
1.3 B KERENF

TG HUR 2 A7 G () Y P — O 11 REORT B TN 4 i
FTCT—-80°CUKAE # H . 2By &LRNA, H
SMARTer™ PCR cDNA Synthesis Kit#& iltmRNA
)4 K- cDNA, i I BluePippinift — 5 i 2k 4 K
cDNAJ7 B, # AR R /NMEIeDNASCE, FRRA]
FIPCRY MG UK ik (1) 4 K cDNA . %} 4K cDNA
HHATRKIE R, ERSMRTI A Rk . BT IR
SR AL, T8 = 5 48 F BluePippin X 5 R k4T
TRV, B RGN PSP . AE 58 B B SR
ZJa, KRR .. Pk &% )5, FPacific Bio-
Sciences /A 7] ff) B4 TS HJ (Single Molecular Real
Time, SMRT){ll 7 B A 76 B Fr A%
1.3.1 £KEFRENBIRS

SR K KA 3P B B KPR




TR MK e INNBS 5 5 (K] 1) 46 091 S S B 3 LR 43 #t 1835

ol isoformyK-~- 58 K LR 1S — F Ik Fe 51 A — By
Hllpolishing. AR#E 7 b 0 v A 1 R 46 7
5|55 i Rol (reads of insert)F %], fERolF 41|
B3 g W) 5" 5| Y A Poly A, ¥ 7 1
KT HIEE2K T 5. ICE (iterative iso-
form-clustering) &k H T 5K A R — s A1
RolF7 41, Jf H EA MHALF FI RIS il — %, B —
MEEEGAF B — % — BTy [EHIEEKFS
KIER 2 —8UF 51, LIRS s =75 T
Ja 8253 M. T cDNASCE R R, 7] fg 2 it
ST A 5 v R Ok, G I R S R i A B AR A 2
F, AR RSN RN 4, IO A i
(17 I4E N Unigene®% s A, RIAS 3 d5 28 () 5 A
3.
1.3.2 NBSEEF K5I

HEKT FE ANB S B [A] 1) %5 58 R I AE B K e
ZH N 7 R 3R A5 ) Unigene A M 504 B 1047 . 18
TBtools# {1 H fJORF Predition3j A& 7 Il i A Uni-
geneffJORF I #ll i s F 7 51; iz I BioEdit#i fF
HE T ) B A R — A A B R B, DA%
F R 45 51678 T NB-ARC (nucleotide-binding adap-
tor shared by APAF-1, R protein and CED-4, NB-ARC)
(PFO093)E NS EFEIR 7 41, £E A B 7 1
BEATBLASTPIZ, N T S 2R IR, BfE N
BIMEL.0. 31517 51)3@ i NCBI_E ) BLASTPi#
1T By B0 J5, T8I NCBI Web CDS Searchijt—
2 XINBS I Al [RINBS R 57 25 A8 4l ik AT 0, %o A
TrNB S £ 6] ek P I DAL 3R AT I B, 97 23R4S IR 2R R
NBSZ ik £ K, SFx A AT IKC/NBSZE(NBS
gene from C. ficifolia, CANBS)FE[H
1.3.3 NBSEERFRFIHAN S

PR A 58 BENBS 45 14 38 1) CANBS S Jk K] 2
s E Y, s AE e R B s, HA
AP % FINBSHa L I REE K 85 IR FIE NS B T
A5 539 INIX L6 41 v 48 M 165 8 485 5 24 (P-1oop)
FIGLPLZ [ ) LR 7 41, 4T 2 P 41 Eext;
MEGAS.08 A, it 435 FAFA 1AL, bootstrap
replications{E % € A1 000 (Li%52010), 142 3t pt,
I3 M CANBSZR IR ) & G idk A Je 5 FHoAh INFENBS
FIER 1L R R (LeeZ52011).,

1.3.4 CNBSEERFIXKBEERMEE

K AR S RN 4 K s AL 2 1A I TD X B
Wt AR EE F 4HHR FIDEGS, K HBioEdit#H {44 —
REE T P I Unigene A L2, 5 1.3.27h K 3%
S 2H H R IR B A B R 5 T ARAS H 13 1T Blast
EExs, MRME R FHERME, ARG A A x)
[.Unigene ID; ¥ Bt 3543 1D 73 51 5 CK-VS-48.,
CK-VS-96 4L FE A 1 (IDEGs#EAT L X, MIfi 3RS 2
FFRIE NI CINBS R L A
1.3.5 CfNBSZEKEEFEAIGO (Gene Ontology)Lh
REERNMEEST

T8 L KID 51 3R 3R AF AN [ AE A CANBS S L [
Rk A S, 24N b LA (CK-VS-48FICK-VS-
96) 1 73 AT CANBSZKR R FL R R I8 434, A T
23T FE R B2 E £ FIDEGs, F ik 2 % o P<
0.05, H.|log,Foldchange|>1.5. VAREA NHE AL bR, FE
AL FR AT B R B R R M. 18T GO%L
I FEXT CANBSHE B R AT D REVTRE

GO Z M AEMIARIE T T B0, 235 WA
234 #2(biology process, BP). 431 JjgE(molecular
function, MF) & 4l ifd 4 73 (cellular component, CC)
3N 7 T 2[R = ) A iR 1 ) e kAT PR e AT A
k. XNBSZEDEGs# TGO %5 r, X HDfe
T (S5 GOERLR) . Gil - 1NGOKH F
P45 HKIDEGs$, A ) LA 7 A dr 56 7 2 1 5
FNGOZ H PDEGs & H M2 1, THR A4 R
o] — AN & 4 R M PAE, P<0.05Hf YDEGSTE 1%
GO HHHI T BEEE.
1.4 CfNBSEXBEEFRqRT-PCRIHTS5HA %K
EEE S
1.4.1 2 RNAIZEL

SR PR 2595 16 JE 48 F196 h LA K X HE 4
Digemt i S RNAH T-NBSZE i 3 [ qRT-PCR A
WEe $RHUER A K EFF R IR IR . 25, iR
RSE A R RNA H TNBSIE S8 3[R (1) 2H 4 Rk
RetE o, BAAEE3REL . HIRNA plant
PlustE#) = RNA #2 U 77) & 2 LS RNA (CRARAE
WRHA R 2 A], db50).
1.4.2 NBSZE KR 5[4IF1qRT-PCRZ M {4 &

FPrimer 5.030 4 BT CANBSZS 5 B 3[R Fl 5|
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W)(#£1). qRT-PCRXHCHamQ qRT-PCR Master
MixiR 7l &, SN AR ZR (10 pL)N: 2xsuper Real Pre-
mixture 5 pL, E F#HF5I4(10 pmol-L)#%0.2 uL,
cDNA 1 uL, ddH,O 3.6 pL. qRT-PCRJNFEFN:
95°CTHASYES min; 95°CAE1E10 s, 60°CiE k15 s,
T2°CHEAH20 s, 40NMEH o BN SN HEAT 3 ICE
2o L-actin hN S
1.4.3 qRT-PCREIER S

AN [FFE S A5 B E R 42 8 S L I AAC i
B A S (T 2 5 %2018), F2 515 5
NBSZE GBI F AR RIE &, BIAC=Crypip—
Cryzams AACT=Crymyiy=ACrypyy. SPSS 19.0
G BRAT N O AT (A, R 2 e B R (P<
0.05), FHExcel 20164E &, XA A ZHZAAINBS K5
L DR A 6 26 54 &K F Duncanigh 8 4k 25307 £
L H(P<0.05).

2 SLUGEER

2.1 CNBSEERFEMEE
PANB-ARCYEAZH A ILIR T4, 12K
YA HEL I P2 B 4T BLASTp, M EEKF RS0 526
2% &K Unigene £ H i ik H 74 26 NBS K IE K], 4474
2 NBS2EHE K38 IE NCBI I CDS 347 NBS 2 3 K] /1)
Y8, BIBRAS G NBS IR ST 45 30 ) L ], fe 24 M\ 2R
K JIRCDSH 115 T 432 CINBSH AL A T 41, 346
4 TNB-ARCH {JAPAF-1. R%&E [ FICED-41% 0>
SERIE . XL T AR IR i 44 N CINBS1~43 .

2.2 CYNBSEEFEHI 52

RHE43 % CANBSZHE B R HE T 1) 9 i 25 AN
Ui Cig ALRRZE R IARHAIE, 4 I 73 9 S P R 2
(F2), H P45 134cCINBS2EEE FH(27.90%) [N &
H CCH: 7 FLRREE #Y4(CNLAY); 245 L S LRR 45
FIR(TNLAY); 826 AN LA LRREE #4, WTNAL; 54%
CINBS# 1(13.95%) & A RPWS (FUrd 7+ T FI#} I
FERI®) & 4, 152 CINBSHE [11(34.88%) % £ NBS
iR (NAY) . DL S5 UL, BFF e INBS R4
R 5 H T (NBS 28 K rP CNL 2K B A
TNLEEFHH £ . Meyers55(2003) ki, B
TP B T 1 149D NBS R I JE K 49 2 Fh 2k
A, H163.1%J8 TTNL, 36.9%)8 TTCNLK. M
B iR A KRB AT R OK R R B INB S S B A (A
ZHICNLE, /b # N TNLZE(Guod52011).
2.3 CINBSHEERHKIRGH LK 4

JEASANCANBSE: A= R 7 4, T
MEGAS.0H EA7 %5 55, N IRFFGEART () HEmf 12, 25
F%P-loop#|GLPL (AL)INBS/F 41 45 38 i B/ T
9011 7%, RIC/NBS5. CfNBS31. CfNBS37F1Ct-
NBS41, 3155394 CINBSZE KA, #4394 545
152 CRIRFE R 85 1 /7 41 M6 2% HAth INZENBS 6
PURERE O P IS AL FEER . HE 1A LUE H,
394 M R ANBS 5 K v] 7 N4 KK BE, CF-
NBSI9ER—A 8532, [F 3R fliHero M Pritk A
G R R B, fEHEART ] L R CNBSTHE A H
PR . SIS EEA CANBS2. CINBS6. CfNBSS.

R PIT RO B JANBS G HE A () qQRT-PCRAG I 51 ¥ /7 51
Table 1 Primers used for verifying the condidate NBS type genes from C. ficifolia by qRT-PCR

FEIAID LB F51(5'—3" S FRA(5'—3")
comp49414 AAAGCGATGGCAGCTCAA GCCGCAAGTTTCTGTAAATG
CL6035Contigl TTTTAGTGGTGAACTGCCTGAG GCACGAAGCGATGCGATA
CL24111Contigl GCTTCCTGAAGGGTTTGG TGGCAGCTCACCTGAAAA
CL19588Contigl CCCAGCAGATTGGAGAAG CTCCCACTAGGAAACAAGAAAT
CL21402Contigl AGCATTATGATACCTGGGAGTG AGGAAACGACGGTGGTGA
CL34065Contigl CCCCTGAAGCACTATCCG GCTGTAGCTGCCATCCCT
CL48636Contigl TCCTGTTGAAGTGATCGGAAAC TTGCAGCGCAGTTGTTTG
CL4282Contigl ATTCCAAGCGGCTGAGTT GCCTCTTCCAGGCATCAA
CL6514Contigl GCTGAATGTGGCGCATAA CCGCTTCGGAATACAGTTC
CL7398Contigl ACAGTGCCTTTCCATTGCTG TCCATGGCTCGACATTCACT
p-actin AGCCATCTCTCATCGGTAT CATGGTTGAACCACCACTG




T RS R RS INNBS BT ik DA 1 5 501 J OB L R 43 A 1837
K2 R INBS K00 2R (10 4 3 CINBSY9. CfNBS19. CfNBS38FICfNBS43, %t

Table 2 The classification of CfNBS proteins selected from NRPWS-NZIEH, X — B A ik i ST, 78
ranscriptom of C. fiefolia HEHCIF 1A b LG, K3 BIE 4 % R AT FINBS

T A 2R 1 MR W5 HEE HHH% HREED,; SEILRERFFA 101, BIECINBSI. Cf-
TIR-NBS-LRR TNL 2 4.65 NBS3. CfNBS4. CfNBS5. CfNBS7. CfNBSI3.
CC-NBS-LRR CNL 13 27.90 s
B o . o C/NBS14. CfNBS27. CfNBS29RICINBS42, %K
RPWS-NB RPWS-N 5 13.95 FEE R TNFITNLENBS 5 K ¥ 5, 73t 4k b =14
NBS N 15 34.88
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Fig.1 The phylogenetic tree of the CfNBS gene family form C. ficifolia

1545 % RIER BT 5, $FEIFRPP (AAC72977). RPS4 (BAB11393), WWHKL6 (AAA91022) NTNLIEH; /KFENBS-LRR)F %)
(ABB88855). Nbs4-Pi (ABC94599). Pib (BAAT6281) ANLIHY; FiPrf (AAC49408) N XCNIE M, £ KRPI(AAP81262), /KFEXal
(BAA25068). Pita (AAK00132), /NFELI10 (AAQO1784). EGFFNBS-ARC (NP187360). RPP13 (AF209732) % %JiliHero (CAD29728) )y
CNLZAL, 625N INBS I K N # R At4g27190 (XM_011650710), 1 EFg/RRPS2 (XM_023073871). SOQRGA-13 (EF199759)H1SOR-
GA-8 (EF101667), E[l & 7 JRRPS2-like mRNA (XM_023141784)F17 [KAt4g27220 (XM_022294233). AfLFECNLIER, MACENBINLEA,
W ACRRPWS-NA, @FCRTNETNLIH, AKRTNLIH,
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TP L PR

F YERRPURIERIL6AHIT . HARFINAICNLZNBS
FERMI R T B TVICRRE, X — R AL R 4 =
Z, G234, AN SR I PUR I FEIRPPI3
JKAENBS-LRR. NBS4-Pi. Pib. XalMPi-ta. X
Rxol. /WFZLRIOPUIF: R Kk R itk AR o
T A RS 6N NBS K05 7 41 5l A R 3 V4 75 []
— KB, W E i IRSQRGA-8FISOQRGA-13.
oh [E B JNRPS2. EE 9 JNPRS2ZEmMRNA ., K
At4g27220F1%5 K At4g27190, iX LENBS S0 4 [F]
AR — SRR REUE. LR, BAFr
JIFINB S 409 358 PR 3 40 2 0 Tl A I 2R A b =
B, DU AR SR 2 2RV, W] LR IAS [F M0
Ji TR 43 A 1) 5 R TR 7+, 3% TT R PRFF R B B
77 HE AR TRRAE Y5 i SR R 2 — .
2.4 FEATEEANBS 2 EAFRMEERINGEER
W A K A SR 2H v 0 0 1] 19 434> CANBS K 5: [
b5 ARG SR 2H A P 3R AT LUOGT 077 326 SR KT RS JANBS
K7 RILFED, AP R LKIENK CINBS
FHR LN (3R3), Hoh A 44 JE R B A0 B
(Comp49414 c0 _seql 3. CL7398contigl. CL-
48636Contigl MICL52011Contigl), 2R A& H
BEFHSL1 (CL24111Contigl F1CL4282Contigl), 2
ANEBNTMV P E H(CL24111Contigl FICL-
4282Contigl) M3/ fk K 5 Th g & 1 (CL-
6514Contigl . CL6035Contigl #ICL34065Contigl),
KEECINBSE R IL R 2 5 1 B B I B Al 22
I B Bl 18 AN [ B A f B R Z i #E . Comp49414

c0 seql 3. CL24111Contigl fICL4282Contigl 7
BIEATHEM 548 S35 T M &2, CL-
48636Contigl FICL34065Contig] £ 35 f548F196 h
Bz 5T Rl g, RN ERETERAEY e I(#
FiE96 hYZ 5hiid 2. & HEBEHSL] (CL-
24111Contig] #1CL4282Contig])#E#: j548 h - i
Rk, HEMX2AFE R AL TR LR R IE 115 9%
SEH.
2.5 EITREANBSE KR EFMGOINBEEE T

I GOKdhs e x 114> CANBS I G B R k47
Thie s 4R, XU R B B2 5 LR 10N it
FEFI3AN 73 T Dy e id M2 (R 4) . GOLIRESM BT TR,
HH 6N CINBSEIL R KAV SRR E &8
FEBT DRBL. A E RIS . R AR E 185
1056GO% H s W K5y 1 DRk & SR {EADPLE &
AR L IRy F IR AR SS B  ATHBE S5 K R 5) 3
NGO HF . EERESE &2 A2 NTMV L
ALK (CL19588contigl fICL21402contigl), F
BTN S B IX N LR, i B I S L R T
Wod o B AR G R R AR T BRI BURAE R . S Ah,
CL34065Contigl U & 4 2| 1 54 i@, 134
Ptk A (Comp49414 c0 seql 3. CL7398contigl
FMICL48636Contigl)FI2 & I EFHSL] (CL-
24111Contigl fICL4282Contigl) 3% # GO g
BEEE.
2.6 CfNBSHEXBEERFAIqRT-PCRITHT

PR AL 295 1 J5 48 F196 hif) 114> CNBS I 4t

3 BK RN R 27 B 5 48196 h2E 7 RIE CANBSHFE VR R
Table 3 Gene annotaion of CfNBS genes from C. ficifolia after 48 and 96 h inoculation by F. oxysorum

JEHID FERKE/bp  CK-VS-48 log,FC CK-VS-96 log,FC R RE
Comp49414 c0 seql 3 2799 —1.68 - Probable disease resistance protein At4g33300
CL7398contigl 4303 - 3.99 Disease resistance protein At4g27190
CL52011Contigl 1601 - 3.11 Disease resistance protein RPS6
CL48636Contigl 2330 1.70 1.93 F-box/LRR-repeat protein At1g67190
CL24111Contigl 3525 1.57 - Receptor-like protein kinase HSL1
CL4282Contigl 2109 3.55 - Receptor-like protein kinase HSL1
CL19588Contigl 4592 - 1.52 TMV resistance protein N
CL21402Contigl 1449 - 2.23 TMV resistance protein N
CL6514Contigl 3933 - -1.82 Leucine-rich repeat extensin-like protein 4
CL6035Contigl 2722 - —1.55 Leucine-rich repeat receptor-like protein CLAVATA2
CL34065Contigl 2 055 —2.26 -1.98 Protein CLT3, Chloroplastic
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Table 4 CfNBS genes enriched to different GO pathways of C. ficifolia infected by F. oxysorum

R GO H & GO ID [EE :0E-175 PfE
G/ Sun 5711 5 ¥/ (defense response) 0006952 CL34065Contigl, CL19588Contig1
CL21402Contigl, CL52011Contigl 0.007
4 W H K18 (glutathione transport) 0034635 CL34065Contigl 0.012
NP R #4128 (modified amino acid transport) 0072337 CL34065Contigl 0.016
RIS S A R AR P At T 0034050 CL19588Contigl, CL21402Contig] 0.018
(host programmed cell death induced by symbiont)
FE DB M (plant-type hypersensitive response) 0009626 CL19588Contigl, CL21402Contig1 0.018
AL %418 (sulfur compound transport) 0072348 CL34065Contigl 0.044
2 B FE 7 M SE T (programmed cell death) 0012501 CL19588Contigl, CL21402Contigl,  0.047
YAfIAET (cell death) 0008219 CL19588Contigl, CL21402Contigl,  0.047
42 [ N (immune response) 0006955 CL19588Contigl, CL21402Contig1, 0.047
3 [E] A F- %418 (cofactor transport) 0051181 CL34065Contigl 0.049
Pam kil ADP%5 4 (ADP binding) 0043531 CL19588Contigl, CL21402Contig],
CL52011Contigl 4.01x107
22 TR I R TR AR B 45 0033612 CL6035Contig] 0.021
(receptor serine/threonine kinase binding)
4 fitd B¥ £H /) (structural constituent of cell wall) 0005199 CL6514Contig1 0.031

FE K QRT-PCREE R WL 2. FRCL24111contigl K fE
1 H 2R A, FOAR 10 BRI AE 45 Fh 5 4871196 h
FIHFIEE FIHEIE. CL6514Contigl AR1k 34 [H
g H S R R AN, HREE R R LA R A
B AR — B, WIHX10N RS 5
TR R IO R 208 TR AR G B o B R,
A 6N [K(CL7398contigl . CL52011contigl .
CL48636contigl . CL21402contigl . CL4282contigl
HMICL19588contig )52 Aili 225 B ££ 45 T J5 175 348 5L
96 h iRk,
2.7 CfNBSHXBEF B L RIEFF ST

TN BFF R INCANBS R B R I AEMR . 2.
AR S A R A B L3 . NE T DR
W, FEAR . 25 RIS S RA B A e R R 43l
JJCL34065Contigl . CL52011Contigl. CL6035-
Contigl MICL19588Contigl . MAKKF, iXLeHE K
TEMFIAR R IA B3, T 2R Seh Rk =
B A By Rk A AL 1Y) /2 CL4282Con-
tigl . CL6035Contigl flICL7398Contigl . 473k

PRIFERR Rk B AR, 70 ) /& Compd9414_c0_

seql 3. CL52011Contigl. CL48636Contigl. CL-
24111Contigl. CL21402Contigl. CL6514Contigl

FICL34065Contigl . 74 S 33k 8 AR 4L s i)
FE[HJECL19588Contigl AICL52011Contigl .
3 Wi

I 5 % R B ik R B H g b R P ) ) 4
M5 DiRe R B, CLEEI PS5 7% Fisah
HARH 7 1t — PR, ANATDOAE A - I B
B P BE DR R4k (1) 73 B B TEAS TR N o
JRAE DRI T B D A % 35005 R - LR AN [,
{EAE P B0 M 3 TR ) 5 4 E AR G R s, 8 LR 2R
[l (protein kinase, PK). 5 ik 4% #)45(transmem-
brane domain, TM)F1#% T & 45 & 17 15 (nucleotid
site, NBS)%. A, NBSIS I A& ¥ Hh 5 ik 17
TERI TR LA, 72 YK HT & P 2 22 1
R REEEEEN. AREYEFRASRER
PR ZE AR K. — LR R ZH 403 S (Malus pumila)
(AryaZ§2014) /N (Triticum aestivum) (Bouktila
SE2014) R R 40, & K251 000MREER . AL Z
N, TEAIN(Carica papaya). K. 78 JAIE LA
JF 30 JE R 20 A (1) RS R AS 211004~ (Huang 5562009,
Garcia-Mas%§2012), AHF 50 1E X 3 56 40 7 2 Al
% 434 B R ANBS R U i i 2 ], M
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Fig.2 Relative expression levels of different C/NBS of C. ficifolia infected by F. oxysorum for 48 h (A) and 96 h (B)
FIA LI E P EASE R I, * 2o [F]— B[R] fh AL 2 5 56 B 7E0.05 /K P 2 57 . 3% BIAH ICL6514Contigl . CL6035Contigl

CL52011Contig] F1EBH1CL4282Contig] A4 1 Y 4617

NBSH R KR KA, Hrp A [{yNBS-LRRH1 77 5
AITNLAICNLE AL 53 A7 281134, HAR i I ]
FEH S NBSHUR B i 2 AN KR, A 154
(34.88%) . FENFRGINAZ 2 B I —FPREA 1910 XK
AR, KT B A s B A R B IRE, BB
i TNFEEZ R R R . BEFF R NKINBS 2K
SN H ok A, NBSIEIE A /b F HoAth IR (41100
AN, BRGHAL T R I, BAT R R AINBS S
DRk 4K 8 70 22 B HL Sk Akt B 1) L, 3] 2

He &

7 I BE At TR AR P B 14 5 1) SR R 22—, W]
DAHCAAS [F) 993 Jo B 20 WA RO RE (R - 28 T 2R 7
JRHA B T 2 INBSZR I KA fF it — B IR N 4
M, A0 A i S A e A A 3R 25 (R 41 78 5 P
AR RIERA it — PRV Lin%F(2013) 52
R, TRAERIEH D 1) R 2 R A% E R EH S
AN e, [ AT R BLEY A2 3 7 B Cucurbitaceae)
FEL) IR ZE (Trichosanthes kirilowii) RFER ) — itk

BRI v 2 DR e SRS (iR S S R, AE B AR
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Fig.3 Relative expression levels of the 11 key NBS type genes in different tissues of C. ficifolia
FIE R LIRS EMELSE R B ARl = BER IR 7] — JE D FEAN [ 4 21 B 05 B E0.05 /K T~ 1 3 22 e i 1k

BERA RS A REARMRER . BHENET
T AR AR, FREE > T HoAh K, (R0 e
JIM 58T AR R N, =285 5 R A E
(EXTe

TV 590 )5 1 BAE 2 — AN B A il AR,
AP 77 A 1) 3ok R 2 B B Y FE 1 72 (Tian 2%
2003), 7EH A Y R IRFER I IEH RS F &
IR RARAK, (S ATTRE JE A BN AR s B UG, iR
A 5| 2 MR TR 48 B R P SE T (De Young Fl
Innes 2006). {EFRIFHI1IA 2 F 1k [ CANBSH 5=
BEIEDR A, A A CL7398contigl . CL52011contigl
CL4282contigl FICL21402contigl PYANFEAEEF] 1
log, FC>2 (1) %, H M AL 5 20 [ qRT-PCR I 1IE
KE, 1K L B PR i 52 52 BIAL 20 B 1) 5 3 E R R
NRRIE, VI A T AT R I AL 200 R
A% . Comp49414-c0-seql FICL34065contig] #F 1%
iRt 2599 11 48 h R YRR IE, X AN LR 7248
hTh RIE T PR ITER o TR N 2 R R (1
fiFHSL1[)CL4282contig | th 7E 2 Fi A 2597 1 J5 48 h
R, RTERRE96 hG A Rk, HENNZ & E
B 23] T RAEVEDIEINE SR RIER . ME
A E96 hifps: b i3 IK 0 B 1 Atd4g27190
(CL7398contig] ) FITMV#i P& [N (CL19588Con-

tigl FICL21402Contigl), 7] HE7E {5 T B 18 fe 5 o
BT EHEMEH. WFARH, NBSHEE A 5ATPE
GTPEAMSE &, WATPE Rl (IR FE . A% A4
SEAH K -F(MeyersZ£1999; DeYoungFliInnes 2006),
Z 550015 5 7% S BT AE H (Bentd$1994;
Dixon%£1998; DeYoungHiInnes 2006), NBSZE 41,
XF T PUm R I T P 2 Ok B (Williams 55
2011), LRRZEHEA 27 3 595 J5 0 1R 50 I RE = 14
(Meyers%$2003) . ASHf 7t H BEKTF e SIS 25 A 22
PR 12 G FINBS 28 35 [l 6 75 15 53193 i 1 6 25 22k 8] DA
EZ5HiESNES, HEREREYRES
A AR R R AR G R B BARSEHUR T AL
4G Rk — 2B A

GOTjfe'E L i £ W, 114 CANBSIHE K Bt 5k
B LEAS A P F2 v R # 7 EZEEH, Hh
B AR B % A R 2N R TMV i 14 8 ) 26
[Kl(CL19588contig] FICL21402contigl), 3:4 74 i@
4w AR, G T BN . P R MRR AT
L) B 7 R B 8 Je I S5 R, 3 24 6 TR A 2
FF 5 THUAEIR, 25998 B R Qe I I AR P2 31 7 = B2
Bt {ER » 5 4b, B ICLT3 (CL34065Contigl)th
WD TS EBP. CLT3IEAS 5N iikH|
JRLJBR 3 R P B B d2, BT R [ B 38 4 e H Ik
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HHEPEFHSLT (CL24111Contigl fICL4282Con-
tig) AW GO RE & & 4R, " RE RS H (13
PRI A B4l e Al 2, 1 — 0 0 I S8 T (R 00 2R
FIBEAT 0T 5T AT 9 R IR B 500 2 R 2 R

AHIT FE L e s A A B i R R R
HINBSEHU LK, it Hi43 N NBSIIL R, 3K1G
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The identification and key genes analysis of NBS type disease-resistance
gene from Cucurbita ficifotia

DING Yumei’, GAO Ting3, BAO Huihui’, Xie Junjun3, YAO Chunxin'?, ZHOU Xiaogangl’z,
HOU Siming"’, YANG Zheng’an™
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Abstract: The black-seeded pumpkin (Cucurbita ficifolia) is one of characteristic germplasm crops in Yunnan
that has strong resistant abilities to Fusarium wilt caused by Fusarium oxysporum. In this study, the NBS type
genes of the variety ‘Green Peel” which is highly resistant to F. oxysporum were identified and screened out by
the combination analysis of second-generation and third-generation transcriptome. Using NB-ARC as the con-
served domain, the results of third-generation transcriptome analysis showed that 43 CfNBS (NBS-type gene
from C. ficifolia) genes were identified, which belonged to five subgene families: TNL, CNL, TN, RPW8-N and
N. Among them, 2 and 13 of CfNBS genes were classified into the typical TNL and CNL respectively. The phy-
logenetic tree analysis results indicated that CfNBS genes could be classified into four groups, and CfNBS
genes’ evolution types were more abundant than other Cucurbita species despite of a smaller quantity of NBS
type resistance genes. After contrasing 43 CfNBS genes in second-generation transcriptome, we have obtained
11 differentially expressed CfNBS resistant genes, including 4 disease resistance protein genes, 2 protein kinas-
es genes, 2 TMV resitance protein genes, and 3 unkown protein genes. Among 11 CfNBS genes, 10 genes were
up-regulated or down-regulated after inoculation with F. oxysporum, suggesting these genes were potentially
involved in the process of the response to F. oxysporum stress at different infection stages. Subsequent GO
(Gene Ontology) enrichment analysis results showed that 11 differentially expressed genes were significantly
enriched in 10 biological process GO terms, in which the top three were denfense response, glutathione trans-
port and modified amino acid transport. And the enriched molecular function GO terms were ADP binding, re-
ceptor serine/threonine kinase binding and structural constituent of cell wall. Two genes (CL19588contigl and
CL21402contigl), which were orthologous of TMV resistance proteins, involved in the most enrichment path-
ways, implying the two genes played important roles in the process of diseases-resistance. The results of tissue
specific expression analysis showed that the genes of CL6035Contigl, CL19588Contigl, CL52011Contigl and
CL34065Contigl highly expressed in leaf, root, stem and fruit respectively. Our acquried results might provide
concrete foundation for further research of the CfNBS genes, including cloning gene, identifying gene function
and revealing the mechanism of C. ficifolia defence response to F. oxysporum infection.

Key words: Cucurbita ficifolia;, Fusarium wilt; transcriptome; nucleotide binding site (NBS) type genes; qRT-
PCR
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