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HE A ZRIT(B) A R ARLIO(F) K AL & & 35 A 3/ Ak phid RNA-seq 203% , 75 ik 1 £ F &k R W GmSBPC, 5+
ERBAEGQ AL BEOBRKHR FRRBEERFTENZEFZ oM. ABHRIKERKLIOHK R cDNA £ % GmSBPC.
4 pCAMBIA1302-GmSBPC ¥ 4L #H AR #: 44 £ K 7 AT ¥ DHS0 . AT H GV3101 (psoup-pl9)# AT T 20 0 ZAZ 547, TR
pCAMBIA3300-GmSBPC 4% ZALSE RATF A KS99 4T K 8 £k MRAZ F . KRB LA ARLIOG)  FRS0(R), K 2H0# & &
it a2 0d.3d.6d.9d.12d.15d % A BAR 2% oF 3847 QRT-PCR A7 A B R A X . 45 R &9 ,GmSBPC & & %4 A% 146
BRI, AREREEG ok X b 28.08% JEMP LM b 15.75% AN b 56.16%, I 4m i 8 A5 45 R & O I B 5 45 78 4m B
P, TERKEEKRRALFARXR EELEORALRBEARY . KO EXRBATZARERRSOFARLIOR R o)A
BAER A I B e A, B E AR RARLIONR R > ARSOM A, ARLIOMR R T 12dR X ERG, ZNHALRIEERE
09 =35 40 Re A, Wb P R B AT R A B R B SR M E AR A S R SR E R R BEAR S, XREHFRER
A8 F it —F IR SBPC AR e K e f & Rid A2 b oh £ W oh 4k,
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Cloning and Expression Pattern Analysis of GmSBPC
Associated with Soybean Cyst Nematodes
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(College of Agriculture, Northeast Agricultural University/Key Laboratory of Northeast Soybean Biology and

Genetic Breeding, Ministry of Agriculture and Rural Affairs, Harbin 150030)

Abstract: This study used RNA-seq data from physiological race 3 of soybean cyst nematode, Heinong 37
(susceptible) and Dongnong L10 (resistant) , to screen for the differentially expressed gene GmSBPC.
Bioinformatics analysis was conducted on the spatial structure, protein physicochemical properties,
hydrophilicity, and hydrophobicity of the protein encoded by this gene. Cloning GmSBPC using cDNA from the
root system of disease resistant Dongnong L10. Transform the recombinant vector containing pCAMBIA1302-
GmSBPC into Escherichia coli DH5a., Agrobacterium GV3101 (psoup-p19) for subcellular localization analysis.
Recombinant pPCAMBIA3300-GmSBPC was transferred to Agrobacterium tumefaciens K599 for soybean hairy
root infection. Planting Dongnong L10 (resistant) and Dongnong 50 (susceptible) in nematode soil, soybean
cyst nematode stress treatment was performed on roots, stems, and leaves at 0, 3, 6, 9, 12, and 15 days for
gRT-PCR analysis of gene expression patterns. The results indicate that the GmSBPC protein encodes 146 amino
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acids and is an insoluble protein, o spiral zone accounts for 28.08%, extended structure accounts for 15.75%,
and irregular curl accounts for 56.16%. The subcellular localization results indicate that the gene is located in the
nucleus. Overexpression of hairy roots reduces the number of nematodes per unit area compared to wild-type
soybeans. The gene expression pattern of the roots of Dongnong 50 and Dongnong L10 under soybean cyst
nematode stress was initially increased and then decreased, with the overall expression level being higher in
Dongnong L10 roots than in Dongnong 50 roots. The highest expression level was observed in Dongnong L10
roots after 12 days, which is the second instar larval stage of soybean infection by nematodes. Therefore, it is
determined that this gene has a response to nematode stress, and it is speculated that this gene is involved in the
stress response of soybean cyst nematodes. These research results contribute to further exploring the physiological
function of SBPC gene in soybean resistance to cyst nematodes.
Key words: soybean ; GmSBPC; qRT-PCR ; subcellular
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PEHE T miR 156 /5>, miR 156 5 SBP JE:[H H.AE
RE A5 52 Wi KRG T AL JE R S IO A0 34 5520 Pl
G T LAE Y, SBP FGFL XY A= K & & A
TR /IS EE S S i

B SN R R (RNA-Seq) B3 FH T K 51
e 2% OB A OC L P I F2 9 0 B . R G S A
DU AT LA e 36 St b AR ECH) B A A T B /KT 3Rk
() 3% LA B, 43 BT R 0 I SR AR ) 22 S 3k 3k 1 Sk
DR mi A 9 4 UE B SBP R AE £ Rl ep
KAETEEINRE, SR, A X% Z R 5 5 K o
2 T AL ST M A F 25 1. ARBIFTE LD
PUK G M FELE U 354 BRI R A D A4 L10
(L) A2 e 37 (J8%) o 5256 44 B, >R F 1llumina
HiSeqTM 2500 il J5* £ A% K G g 2 2k e 3 54 2
INFR B R B GmSBPC %% st [H 122 S R ik b 47
SR AT, B E R AE I R I S 2 A DG A SR A
T, R SR S ALk i R R R IR ) 1 1 24
IR
1 MBE5RZE
1.1 #REiHR
111 MR AR LI0H) FZk S002%) 2
4 37 (80 1 A AR Jb AR R 2# BT Sl (b 25 45.32°,
ARZ126.58°) o EEETCIRBE K/ N—FK E AP+ H
FIG SR IIY . AR Riggs 255 i S 71 2
R1 EVERFEEZTARRENN

Table 1 Bioinformatics online tools and software analysis

YeE FUHAS T S8Rt I 4k 50 R BRAR AL
ZARMEE, AAR L10 FIRRAR 37 SRyl s 2Ly A4 Rk
112 fmE#s KO il 354 HU N oR
TRIBITAA BREBER BB B RIS (Jh2 46.39°, 4%
£8125.36°) o FFE N B O K B AR 10 4F
113 KRR AR AR 10 kAR A 50 Fl
ARACL10 M P 256 24> /N I B AR 2 o
RS BT EAR 2K L dup £, 26l
A b3 0~15 d, BE% 3 d 43 BIEUA AR L10 A4 50
KEMR ZE B = E 4805, BT 2 g
HAUR TS 1.5 mL .08, 37 Bl T
WEURE Hh LIS B R EEVE T, AR AR S R A T -80°C
UKFADRAEAS TP o A IO B fR A bRl K2 K e
AW RS E R

1.14 RAUESE# i RKBHApCAMBIA3300,
IV 200 i 5 57 2k AR pCAMBIA1302 . K i FF 1 J8 52 2%
(Escherichia coli) DH50., 5 i 8 1 3% i5 & ¥
Agrobacterium GV3101 (psoup-p19) . #2 ¥& 4 ¥F 1
K599 #J3K H Coolaber,

1.2 RIEFHE

121 %£YMEEESW FAEYG B ¥AL
A X GmSBPC ¥ 53 A+ 1) Ty e #E 1 7 #L I A1 53
Br (1) [AIBXT 4~ 22 5 3808 36 A i 2000 bp
ISP RE SRS A AL S HEA T TN S BT, 07 1 A R P
P<107,

TELL T H. Pod kA e

Online software Websites/Software Function
Phytozome v13 https: //Phytozome-next.jgi.doe.gov KR I P51
DNAMAN Version 8 LGS LS e K 37
Prot-Param https: //web.expasy.org/protparam/ FRAR: 5
ProtScale https : //web.expasy.org/protscale/ SR/
NetPhos-3.1 https : //www.cbs.dtu.dk/services/NetPhos-3.1/ BERR AL A
SignalP-5.0 https : //www.cbs.dtu.dk/services/SignalP-5.0/ TE 5K
PSORT II https: / /psort.hgc.jp /form2.html V2
TMHMM-2.0 https : //services.healthtech.dtu.dk/services.php R EE
SOP-MA https: //npsa-prabi.ibep.fr/cgi-bin/npsa_automat.pl )
SWISS-MODEL https : //swissmodel.expasy.org/interactive et )
NCBI https : //www.ncbi.nlm.nih.gov/ ZERL IR
MEGA X pr RGK TR
Plant TEDB PlantTFDB - Plant Transcription Factor Database T SR R PR P A 2 [N
Chiplot https : /www.chiplot.online/tvbot.html FRGLEW
Gephi A RS G S T
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1.2.2 GmSBPCERZRZ#HMUM I FIFIMEGA
XA B GmSBPC R HAE K E £k IR T 554
Wy e ) P L 2 1 4 PR, Fasta # 28, 24T [R5 2R 11
FeXt . R 4B #E7: (N-J, neighbour joining) #£ 17 kb
Xt , Bootstrap XA 1200 1K, 5¢ AL AR 6 4 3 K
FAk.

123 EECDSEFS M RUAKLIOKHE I
A Z/NIE I B BRAR B AL SRR L (£ 1 g) ,RNA
A9 2 BRI ] Baypure # 2R 15 & RNA $2 B 5] &
(Bayzol) , cDNA 1 A J8 W) R F 2 % st s f) &
(TOYOBO) . JZ #% 5K R 15 & 20 puL: RNA 4 pL
(65°C 5 min ffi mRNA —Ze&5H 4T, Hsdh A vk H

x2 SIMER

Table 2 Primer information

B 1F 42 1 ) .4xDNA Master Mix 4uL . Nuclease water
8 uL . 5xRT Master MixII 4uL; 555 5% 4614 4 . 37°C
15 min, 50°C 5 min,98°C 5 min,4°C{f7%. VIG5
122 AY cDNA VR 5w AR , 18 FH phyzome V , 1511
RS gl AN T 5 (£ 2) KR E 20 pL:
GmSBPC-F 1 uL.GmSBPC-R 1 uL.cDNA 1 pL.
KOD OneTM PCR Master Mix (TOYOBO) 10 uL.
ddH,O 7 uL. PCRFEFH :98°C il 3 min; 98°C
AEPE 105, 55CIB K 5 s, 68°CHEfH 6 5,36 KR ;
68 CHLLEM 10 min, 4 CIRAF . BER USRS B bR
2k , K| FH Gel Extraction Kit(Omega )i il & Ui 4l
ol &

[LEoIEnAS EEEE NN .
ElE7E2N Fol(5'-3") o FiE
) Restriction (bp)
Primer name Sequence(5'-3") . Use
sites Target fragment size
T-GmSBPC-F TCGAGCTCCGTCGACAAGCTTATGGACACAAGCAGGTATGA Hind 111 441 ERES |1
T-GmSBPC-R GCCCTTGCTCACCATAAGCTTTCATTCTCCATGGTAGTCAA Hind 111 441
subGmSBPC-F ACGGGGGACTCTTGACCATGGATGATGCCAAAGGCCACAAT Nco 1 441 WA E N 54
subGmSBPC-R TACTAGTCAGATCTACCATGGTCTTAAACCACCAGCAATAT Neol 441
# N/ NN =R=]
Fq-GmSBPC-F GGAAAGAGATCAGGGTCCAAAG 98 SICERS Y
Fq-GmSBPC -R CCTTGTGTCTTCTGTGGTACTG
. %
GmActin 4-F GTTTCAAGCTCTTGCTCGTAATCA WZ519)
GmActin 4-R GTGTCAGCCATACTGTCCCCATTT

PR : FAATE 1) 5 WUT K2k BRI 5 BT RN 5 A 187 5151 )

Wavy line: Carrier arm sequence; Double underline: Enzyme cutting site; Thick underline: Specific amplification sequence primer

124 GmSBPCEREM REHEWHE FH
Hind 11 43 5| 5] 2218 20K pCAMBIA3300 il
GmSBPC H ¥ B, WA FR 50 uL: GmSBPC B
Bt 10 uL (150 ng/uL) Hind 1 fif§ 5 uL . Buffer 5 uL.
ddH,0 30 uL. EEVIZAF:37°C 6 he H A BLEical
1kl 1.2.3.

i IR B 2H 350 £ (Vazyme) ¥ pCAMBIA3300
LAEAEIR S BRI B BOlE T, IR SR R
F520 uL: A B 1.5 L HAY B 0.5 uL JR] PR E 4]
fitf 2 uL.5%CE Buffer 4 pL.ddH,0 12 uL. 45
:37°C 30 min, Pl J5 K4 B4 ) pCAMBIA3300-
GmSBPC [T 53 53 A\ DH 500 J8% 5% 75 40 L FA AT 12
K599 )87 &AM, 80 CLRAT o
1.2.5 GmSBPCHE K PCRIGIEMME ¥ LA K
FAFF B RIA KT TR 7 A 7= 0 43 591 X6 g Uk A 76 LB [ 44
B i (IR RARES 2, iR RAR RS =+ A e P hi s
2) b BB AE 37°C R 28 °CH T 1% F5 46 ik R 1

I, o3 A PRI — TR V& T X 1Y LB 35 32 h R
WA T 37 CHE IR 38 R IR 37 55 97 12 h, R T
28°CHE W 1597 22 h, ¢ A AR 4 ML 1T T W PCR B9
iF. FJH Plasmid Mini Kit 137 £ (Omega) $2HH™
KB SR ORI E 4 JBUR. DNA SR 11 AR W4
AR\ AT P, J5 A DANMAN Version 8 45
CDS ¥4 X o
1.2.6 GmSBPCERETMBENS  F|FH Neol 533l
PO Y41 0 5 A7 2 A4 pPCAMBIA 1302 il GmSBPC
H R BE A B )] 1.2.4, LAk At B iy 2k
& pCAMBIA1302 5 H ) B [F] J5 & 41 #
pCAMBIA1302-GmSBPC, % tb & K+ B, #2
, Jl Plasmid Mini Kitl (Omega ) & & 2 B Hr
FJask GV3101 54k (psoup-p19 ).,

¥ pCAMBIA1302-GmSBPC J5i ki 5 A 4% FF
GV3101 (psoup-p19) , B 5 LB W AR 55 5 (i
R ARG R AR i A =) IR G, 28 CHH IR IR
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TR I 2 OD oW 1.0 B0 i 4, MR AL
¥ (1ml 500mM MES+1ml 500mM Mgcl,+10pL 1M
As, ddH,O & 75 % 50ml) 52 1 A R/ A, 2800 Wk
B0 I L P AR S AL i R TR 1T OD g fEL
208, i #E 4 ho $ 47 4 pCAMBIA1302-
GmSBPC /) GV3101 (psoup-p19 ) AF 1= L 1E 5
FI|FHICE AL R 24 h () 3~4 R IR RS | SRRE R 3R
12 h, IEH YERE 48 h, BRI AT o 1 AR T4 3 #R A
B[] SR AL R 2R KT TR T AR
b ) RS A W B D B ddHL0 KB 2B R
WOCIL R A BB A HHERAT Ao

12,7 ERRFENSKEERREE HEM
K e L dus L G FD 15 d 4Rk 50 K40
B, S KK AR ook 04, 5 39%~5% I A TR N
IKEEBOR B AR R T 4, SR 5 A ddH,O # & 15
min, F 56 3 Wk © 5 BR 30 6% AY R Tk o 21 7 TR
45~120 s, B AR ER K 40488 T o X ARFRUEA TR
FBEK, 78 20 (R 20 B BRI K i A 4k
#H.

12.8 AXERELZHISEE/NMEEETE R
HA R RR SO KEMWR R H N EH
GmSBPC W R4 S0 F o REARA 50 A KA —4
=AMV D, RIS H GmSBPCEEH AR F
K599 B (FE UL 1.2.4) B R GAE K A, IR R
BT R OGMREL R 3SR/ 1. 14d
S, T ACK R AR oh e 0, ARBOR SR ARAR
HATH T REPFRE 0.2 g, HHLUKE T 1.5 mL
EP &, A 100 uL JCHE 7K, Barif4t544d A 1.5 mL
EP & HH A 7% S DR B0 I, 5 560 0E J5 19 4 4R 50 47
AR B R & Mgk 3 5 AR BV g b X IR
A0 FR Ty A I AR TR, B A SO JE K
7o FIJH Excel 2010 F1 SPSS %144 XoF B 17 FR P K
O FRLR R H TR T

129 EREEEEPCREM 0~15 d YA K 50
FARAL10, B0 3 d U 25 (28U AR Uk, il
JH RNA ios plus Trizol (KOIZEE ) #&BUA [A] 40 4433z
RNA, FF I 5 e sk i) 2 (ToYoBo ) #2 B cDNA ]
TR SRR F R B i 5T (S A 1.2.3)

LL GmActing i N Z 3, W A2 T R
PrimerQuest™ Wit E &5 1Y) (K 2), 51 MEHE
AR ARNF G M. RIKZ 20 pL: SYBR Green
PCR master mix ( Vazyme) 10 pL . ddH,O 6 uL.
Fq-GmSBPC-F 1 uL .Fq-GmSBPC-R 1 pL.cDNA2 L.

FUVAEFN : 95 CHIARME: 5 min; 95°C7A84:30's,55°CiB
K305, 72°CHEMH 30 5,40 MIEFR . LI B
M3 RAYFE R A 20T A SRR I
AT ik (CT A3 W E A 1 F349ME) o

2 HER59H

21 HEYMEEREESW

211 GmSBPCEHEWMR A H# Prot-Param
TELR IR P 25 S T A1 (B 1A) , GmSBPC 25 A 2
146 M2 LR , Forb o LU e KRG 2R (Arg) , 2
H13% , 5328 (Thr) BT (5 il 2L, R 1.4%, T 5+
SR (Tle) 2R (Trp) PSR (Pyl) AN
P22 (Sec) 4 FI 3L A S S E 1 ED A .
GmSBPC 8 1 HA7 29/ 1F HL fa 5% 3554 (Arg+Lys ) I
29 A~ 11 HE fay B8 3k L (Asp+Glu) |, 43 F 45 # X Ry
CooiH114N 008 1o, X 43 F BT 1 4 17020.66, FHi
S5 HL AT 7.08, IR S BCR 2303, Tl R 1R
W49 30 h, ig Wi e 6 50k 37.40, F- Y55 K48 50k
1453, AT E R EGAF 84.69, R FAREH M.
ME R KT (F 1B) P& B GmSBPC 4 44 £
JRBE i K ME IR R 2, RS B s, RIN
TSR T, X N 9 5L R AE 575 9 i 243 bp (3aa,
8laa) i & FXH B T B2 Ay e ([R] R 1.78) , T 46
98 F199 bp (32aa, 33aa) v B &b 2% K P Ak (7] A
-0.567)

GmSBPC # [ 47 10 4~ T8 i R Ak 157 i (1]
2A) , Hor 8 AN N 22 AR BRI 15, 24~ N IR A TR
W IR Ak o7 A, JOE 2R 57 5 o FIFH SignalP5.0 i il
#| GmSBPC & A A F 5 kG5, Y& T 73l
R (EI2B) . WA E S IKE AR 2 s 5k,
2% SignalP5.0 4 B i 25 11 T N-HE &4k 07 45
(20).

fii I 7E 28 1. H. TMHMM-2.0 7 ] 3] GmSBPC
TS LS I, , GmSBPC 4t 146 AN L8 , 5
SR i 2 o o 50 1 O (5 T 18(29.85307) , £
W] T 32 2 1 A 5 TR SIS 2 1 LT 4 B N 0
TR, A GmSBPC 2 A4 15 4 15 RIBUE , i
{8 43 91 HY 3078 565 21 (0.40067) . 47 (0.29619) | 78
(0.28903 ) F1118(0.18236) @ SR ik K (K 2D) .

GmSBPC £ [ 1) 3V 20 Jifd 52 o7 Tt ) &5 S S 7R 1%
E M TEM T G 22, 2.5 43.5% , Ti1e it E Ak
it AT 8 IR AR B A A 8 AR 4.3% , HEDN %
B LA EAR M5 N R SRR PEAE A
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A SRR (Val) 5.5% B
S (Tyr) 34% TS (Aal) 5.5%
HER (Thr) 1.4% r 2 A
ﬁﬁgﬁ (Ser) 82% *ﬁﬁﬁ‘i (Arg) 13% 15 M ’1 Hydropath.
JiliEmR (Pro) 2.1% \ 1 ’ MM | M \JJ f
AN (Phe) 2.7% | RABE: (Asn) 3.4% g \JH \ f MJVN' \ M \”l M ﬂ\ W/
EAW (Met) 27% | Zos || la‘ H i | HH“
‘ L RAER (Ap) 8% i \ \’ i
AR (Lys) 6.8% / \j! I
‘ e T -0.5
PRI (Leu) 4.1% N - LA [Gys) 128

AR (Leu) 4.1% -1
- AE® (Glu) 1%

A: GmSBPC # F W SERALAL; B SRR MY
A: Amino acid composition of GmSBPC protein; B: Hydrophilicity analysis
El1 GmSBPCE BRI SEERHE M K b FIF0FER K M5 1

Fig1 Amino acid composition and ratio and hydrophobicity analysis of GmSBPC proteins
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% s oor
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FILEEH Amino acid number ¥ (bp) Position
AR S5 s B AR5 IR AT s C o MEBAL AL 85007 s D - BEREE F 3 53 Hr
A': Phosphorylation site analysis; B: Signal peptide analysis; C: Glycosylation site analysis; D : Transmembrane structural domain analysis

El2 GmSBPC EFENMRS
Fig.2 Physicochemical properties analysis of GmSBPC protein

212 GmSBPC EA &M 5 R &M i i
GmSBPC 5 [1 Y 146 % KL B2 h 3 Fh &b+ 20 i, HL
82 AN S g Ak F IS KL R L 5 56.16%
21 N IE R AL T o SR TE X, 7 28.08%; 23 />4 At
MR kb T 4E 25, 5 15.75% (1 3A) . GmSBPC &
M =R H LA TSR it o 32 (3B, i) 0 4%
A T ) 5 O 5 — 3K, At NCBI 78 4R 34 1
I % B 1A R AR T 45 74 38 5 GmSBPC 25 144
Sk ML, RIAESS 193~417 bp 4k 1) SBP super family
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Fig. 6 Expression map of the regulatory network of SBPC transcription factors and target genes
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