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W OE: BW wRERWYE SRR A F-box B HZEKEED S WIMEIAH S8 H (S phase kinase-associated protein) &
DoSKP2A, FFHHATAME BERRIERHME M. B3k KM RACE AR R 4K RIS B AE TN N 4L &
T BR AL BT « 25 M SR 0 40 78 122540 T 45 ] DNASTAR 7.0 A1 MEGA 7.0 73 Bl3E4T & L% 22 7 97 b of ATk AL ey 22
B E R PCR ALK RIEH R . R %D DoSKP2A (GenBank VEMS KU160472), ¢cDNA 4K 1507 bp, FFHLEE
HE (CORF) K 1101 bp, #ifdeEH 7 366 N IEER, AN 7T 0 39 590, S5 HN 7.9, DoSKP2A £ A& 4 R A5 5 ik,
8 F-box #Z O (26~88), HEMEEFF LRR (202~226) FIZMEFIF; DoSKP2A S5Hi¥ SKP2As & H—
BEN 64.6%~T72.4%, FT1E5> IR T SKP2As 70 T LI AT HHEY 5 3, 5/ 22 IS 2% SKP2A 3K 4% 58 Rl ; DoSKP2A
BER G AR 3 RS B A O R BN RIE, AR ARST RIS B, A 6.16 5, ZHIRZ, MR RIARMRIK. &8 3K
BN AF BB A B F-box I H DoSKP2A &K AEMME R RHKILRHE, NHARESLLAREKRE. E54S
EAUiE TS ERi N P VIR By R
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Abstract: Objective To clone an F-box protein namely S phase kinase-associated protein gene DoSKP2A with full length
cDNA, in a rare endangered medicinal orchid species Dendrobium officinale, followed by bioinformatics analysis and
expression pattern analysis. Methods RACE technology were used for gene identification. Characteristics of physiochemical
properties, conserved domains and subcellular localization of the protein were determined using a series of bioinformatics
tools. The analyses of multiple alignment and phylogenetic tree were performed using DNASTAR 7.0 and MEGA 7.0,
respectively. Real time quantitative PCR was used for gene expression analysis. Results DoSKP2A gene was cloned
(GenBank accession KU160472). The full length ¢cDNA of DoSKP2A was 1 507 bp in length, and ORF was 1 101 bp,
encoding a 366-aa protein with a molecular weight of 39 590 and an isoelectric point of 7.9. The deduced DoSKP2A protein,
without transmembrane or signal peptide residues, contained an F-box core domain (26—88), a leucine-rich repeat (202—
226), and multiple conserved motifs. DoSKP2A had high identities (64.6%—72.4%) with SKP2As proteins from various
plants. DoSKP2A belonged to the monocotyledons subgroup of the SKP2As evolutionary tree. DoSKP2A gene was
differentially expressed in the three included organs. The transcripts were more abundant in the roots, with 6.16 fold, then the
stems and the lowest in the leaves. Conclusion The novel full-length F-box protein gene DoSKP2A was obtained, along with
bioinformatics and expression characteristics, which provided molecular basis for the growth and development, signal
transduction, and stress resistance of D. officinale.
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ZR-HAMEEEN SR E KL AZE
VNN S T PR LR AR I — SR B BEIR AT, KP4ERF
S IE AR PR D e R SCE ORI Fobox B2 — KA
A F-box 45 M I E B KK, fFN SCF
(Skp/Cullin/F-box) & &k HZ 2 EHEM B3 10
oy, Z5HEZEMABEI . HRRENE S
SRR, KEHFIER F-box EHEEYEK
KRB MG A BT R E AR, i T
ORE9 itz Z AL Ml i 12 MR IR it Jr 2P,
LeCtR1 /5 LM 5 51 3, JKAG F-Box H: A 5k
Z 50 M R E i ROGECEEAE YRl i)
5 C K P52 5%, F-box B AR 40N FBXL.
FBXW Ml FBXO =ML, C Al LRR.
WD B H A SE I AT RGE S SR ¢
£ M (S phase kinase-associated protein) SKP1. SKP2
B F FBXL 2 [ 5% F-box £ 1.SKP2A.SKP2B
K5 N AR 7y S B 7 R 1~ SKP2 AR B = 15
%, SEERA RS, SKP2B Z AR KR T,
V) 3 A 4 P 2R A7 R 4 ) A AR R A,
SKP2A £ & AR R 5 IE TR 4 i 73 22 . 389 FECRI AR
KA,

¥ J 45 f8t Dendrobium officinale Kimura et Migo
ZRAERNE MR, U TE A
2y, HAWEER. WMIEREDI. AfERY)
TEHERY EEAE 2R A, R R,
BB BSOS AR RINA 2, A
TEAER NS A U BE BRI, AR AR IR,
TR B B M & N . T, 3Rk B
A - I A AL, PR A ] SSH 12
R B W AR G A b1 3L A g A i 22 e 3Rk ik
A, —2 EST Contigl41 & 322 bp, BLASTx %
M s H 5 /N 22 WG WIME 22 Phalaenopsis equestris
(Schauer) Rehb. f. F-box & 1Kl SKP2A (GenBank
FEMS XP_020580378) —E 4 38%. 4T F-box
HAEEMER . 55 PRGOSV Y 2
YER, AW R RACE MK R A fist b 4 B 81—
F-box 3 [H 4K DoSKP2A, FHibAT A5 B K KIE
B, At — BT L T D RE A E Al
1 M

AHEYIMEER B 2 F TR (2017 £ 9
0, HBRVE b B 2 K5 Ak m RS IR T4 5 E N
2L RUA ik B A 8k Dendrobium officinale Kimura
et Migoo HUEKRCAMHR. 25 mEAHZREM, EH

%G E-80 CI-I7%H
2 7k
2.1 RNA {£Bl5 ¢DNA &5

f% 8 EASYspin fE%) RNA ig 2 BUR 7 &
(Aidlab A ], HED B UL 5% 5 FE S RNA,
NanoDrop™ 2000 43¢ /% 11 (Thermo Fisher /A ],
EED 00 RNA . 407, BiepEkte f ks
M sEEEPE, # M M-MLV Reverse Transcriptase kit
(Promega 2~ A, S ED #AE U, #5746 M cDNA
B8, —20 CIRAEHH
2.2 RACE R[N

JEH153 AR B 5 EST 4mfih SKP2A 21 N i 107
ANEIERR, HIE AT 3>-RACE. Bt RE75]
¥ RACE-R 5-CTCGCATACACGCTGCCCCTTT-
CTC-3’, #% i SMARTer™ RACE ¢cDNA Amplification
Kit (Clotech A%, HA) 4, 5 UPM 514
HHEAT 3-RACE. RMNAEFZRAN 25 uL, A4 10X
Advantage® 2 PCR buffer 2.5 uL, dNTPs (10 mmol/L)
0.5uL, RACE-R (10 pmol/L) 0.5 uL, 10XUPM 0.5
uL, 3’-RACE ready ¢cDNA #&# 1.0 uL, 50X
Advatange® 2 Polymerase Mix (5 U/L)0.5 pL, ddH,O
19.5 uL. PCR F£/F N 95 C. 3min, 95 C. 30s,
68 ‘C. 2min, 32 ME¥H; 72 C. 7min, 4 CIR
o PCR F=W)% 1.5%BEiRFE SR FLK, TianGen i
AIRGRFF & (TianGen 5], HHED 4tk H B4,
% E pMDI8-T vector (Takara A&, H[ED, ¥
K IGFF B IM109 JERSZ 24541, BENLELIE 3 4~ ve bz
IFik BV TREBRMARA RN . ik cDNA
FFH5)R EST $f4#%, 3713 DoSKP2A K 4K .
2.3 FHISHR

i — RV EYE B F WS L T BT
DoSKP2A JE [RIZ R K 4 25 1P 51 43 Mo L
NCBI #f] BLASTx f ORF Finder % #ff cDNA 741 ;
Ffl ExPASy Proteomics Server #2 i) 7 #T # 1F
InterProScan A1 PROSITE SCAN 73 #7 DoSKP2A &
S5 /3 A1 2L 70 5 Protparam Fl1 SOPMA 431 25 )i
HRAL SN — R 254 KA SWISS-MODEL #1748
5 = 4E FE A4 M7 SignalP 4.0 71 TMHMM 5l &
TS 5 TR I DX 3 1 T &40 o 6 2 TR
J PSORT. #/] DNASTAR 7.0 #4725/ 741 tb
XM A B MEGA 7.0 #8230 .
2.4 SERTRHEE PCR (qRT-PCR)

PLEK B2 A it EFla fE 8201, qRT-PCR A&l



- 1962 - $¥d

Chinese Traditional and Herbal Drugs 38 50 % 28 8 3§ 201944 A

DoSKP2A FERTEAHHR. Z£. AL RIAB
3o gRT-PCR 54 qRT-PCR-F 5’-CTGACAGGCC-
CATTCTCTCATTATTAG-3’ 1 gqRT-PCR-R 5°-CC-
ACCCAGGAACACTTTA-3 (14 #4744 312 bp.
Fl ABI PRISM 7500 gRT-PCR 1% ( Applied
Biosystems A #], E[E) #17 qRT-PCR 43 #r. PCR
KRR FA 25 pL, BHE 2XSYBR® Premix Ex
Taq™ Master Mix (Takara, "[E) 12.5 uL, 1FX[H]
514 (10 pmol/L) 4% 0.5 uL, ROX 0.5 uL, cDNA 2
uL, ddH20 9 puL. FARMER 3 K, BFEAINE
RIS, SEIGE A 3 . PCR F£/F: 95 C. 30s,
95 ‘C. 10s, 60 C. 45 s, 40 MEHR, JRMELEK
ZedlE i 2k, B ABI PRISM 7500 SDS #kff
(Applied Biosystems, 32 [E) £ R TEH BI{E (cycle
threshold, Cy) 2722t J7 LIS L IR g AR 08 =
K SPSS (Version 22.0) #4753 M4 .
3 H#R59%
3.1 DoSKP2A R X 7kE

3°-RACE R Fi=A4 Hbrs—2%4 (B 1), ¥
FEMZ TR BRI T 3815 1 416 bp ¥] cDNA J¥ 51,
ORF Finder KIIZT 5 &% A 55 % ORF FrA ARk
17 ORF [f] RT-PCR ¥ ¥4 3611, ¥ 3L 5 R4k 7 51 B %
3453 1507 bp (1) cDNA J¥%1]; BLASTx 73 #r 3 B H:
Y5 GenBank H CLF M Z AN SKP2A FlH = &
FIL (>64%), % cDNA FF54 8 1) ORF K 1101
bp, 5°-UTR 176 bp, 3’-UTR 231 bp, BEA 2 MNE#
A4 mRNA IE(E S AATAA LUK polyA JEE, #2

M 1

2000 bp

1 000 bp
750 bp

500 bp

250 bp
100 bp

1-RACE PCR #1474 M-DNA %} 41 5 srie
1-RACE PCR amplicon M-DNA marker

El1 DoSKP2A EFH) 3-RACE £ K
Fig. 1 Agarose gel electrophoresis of 3’-RACE of full length
DoSKP2A ¢cDNA

BN F I AR 7 51 GCGATGG £ 6 KOZAK A
Mj, B A/GNNATGG. #iH]C&3k#31%EK cDNA
4K, #5E4H DoSKP2A, #2758 GenBank 3k187E
M5 KU160472.

3.2 DoSKP2A EHFRHIIBLIFE ST
PROTPARAM F5iill DoSKP2A 3 [X] 4 it 25 4 Jii
1153 AN Ci726H2787N4g70507835, FLF 366 NI
FRpRIE, SEHLS 7.91, FIX4rFE 39 590; #fEE
] DoSKP2A % IEHFRIE (Arg+Lys) N33,
HALHE (Asp+Glu) N 30, FFasE ZECH 38.46,
NEWT Z2H0CN 102.90, SE/KMERECH 0.225. SOPAM
T DoSKP2A 5 [ i 45 £ ZEH o 1€ (alpha
helix, 41.8%). BENLEHH (random coil, 27.87%)-
/DE ) AEEE (extended strand, 18.58%) Al B # £
(beta turn, 11.75%) ZH)%.
3.3 DoSKP2A EELMIE. EM ST
InterProscan 73 #7145 H f7~, DoSKP2A EHHE
& F-box EF LI (IPRO36047, 26~88) Al
B A R E E X LRR (IPR0O01611, 202~226).
PROSITE SCAN 743 Hi, DoSKP2A &A%

HAEREIG, N-HEEML S (157~160. 268~
271, 306~309). HEFHF C WAL A (104~
106, 192~194. 218~220. 270~272). & 4
fiff I1 (295~298. 296~299. 330~333). EEE AR
R R AL AT A1 (137~ 144) A1 N-E ZEBRALAL 55 (30~
35, 61~66. 186~191. 262~267) %, TMHMM
W AR B IELEH, SignalP 4.0 23 HT DoSKP2A
ANEAE S . PSORT il DoSKP2A £ [ & AL fE4H
L5 B P BE MR B N 26.1%, AL T LR
N 21.7%, AL T ERAAFIGH B A% T REPEA 13%,
SERL T /R BRI T LA 8.7%, WA A 5 I
LR RS, N 4.3%.

3.4 DoSKP2A EFE4miEEH =4 EIR

fE SWISS-MODEL & #f {7 57 &5 #4384 & T 5
L, DI IT I ATD14-D3-ASK1 E A bk 4 1)
(PDB No.: 5Shzg.1) B FEAHRI4, X} DoSKP2A
AT =Y AR (B 2), 455 27K DoSKP2A
51 E A 23.6% 075, g5 i 2.
3.5 DoSKP2A EHKIZFFILLXT 54

iz DNASTAR 7.0 H1/ MegAlign 27X}
DoSKP2A £ HAI T AIEY SKP2As F:[ 2wt i
HHATZ P HI A 8T B 3 45 3R BoR, fEHY) SKP2As
EAHEASERRT . DoSKP2A 534 Nelumbo
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2 T SWISS-MODEL iJ DoSKP2A T H=#E1%
Fig. 2 Three-dimensional structure of deduced DoSKP2A
protein using SWISS-MODEL

nucifera L. FIHER Elaeis guineensis Jacq. 1] SKP2As
EEEI*@IT%%E"%U 74.8%AM 72.7%, 5#E& Phoenix
dactylifera L. =% Sorghum bicolor (L.) Moench. 2
Wk Sesamum indicum Linn.. 7KF& Oryza sativa L.« V.
WKF%E Camelina sativa (Linn.) Crantz 25 FE Y1) SKP2As
FEALTEE 235004 72.4%- 68.9% 67.8% 66.7%- 64.6%
AN, X T8 K L, DoSKP2A 5 H At )
SKP2As HRHIL, N A 5 SR IRAF F-box 45
KAl C KimfRsT R EA R EE 75 LRR, JE
F-box & F KRN FBXL 5K

@ CsSKP2A XP_010477405

S EgSKP2A XP_010921703
B9 NnSKP2A XP_010260458

DDRYVIVASERVCT
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FRIZ F-box Ziik; TTHEA SR E ¥ 41 LRR

The underlined show the F-box domain; Frame presents leucine-rich repeat LRR

3 DoSKP2A S5HbiEY) SKP2As EH L FFILL 3t
Fig. 3 Multiple sequence alignment of DoSKP2A and SKP2As proteins from other plants

3.6 DoSKP2A EHHWXRED

FH MEGA 7.0 # fF, X H 40 %
(Neighbour-joining, NJ) #J# DoSKP2A & HHH
fih 17 Fb COEMHE ) SKP2As 2K AR HELR . & 4
ZERRM, 18 MNMEE R BUAEY) F-box AR RS T
BEALA 2 K4232, DoSKP2A @ T E - HHad oy
W, H/NEIGHIG Y PeSKP2A (XP_020580378)-.
A EgSKP2A (XP_008805881) FljfitE EgSKP2A
(XP_010921703) 4 SKP2As & H B~ 3,
RGRFRZRBI
3.7 BEEFRIXEXH R

S RIPEECA R 25, MHEERE LS RNA, FIH
qRT-PCR ARG DoSKP2A 3 [l ) 4 £3 K ik

K. K5 4558 %KY, DoSKP2A 7E 3 Fhas B 4k
RRIK, (AN RIEBAFAEE R I AROEREA,
TR SR AR AR R RIS BB S, 2R
by Ay ) 3.09 £5 A 6.16 £ (P<<0.05)-.
4 g

T SKP2A & [H v] ASE M T 40 i 43 R %
KT, S S5EWENRZRE AR ES
KA, TR A R R A HAERKE
SR FRO8141] KR TR RACE 5e B SR 158k i
Fift DoSKP2A R 4K, BLASTx A #riEnits
GenBank FEVEMEY) SKP2As ZEF S EFEVE, 4%

HL 4% F-box Z5#J4, 111 ORE9BL, SKP2AEBI,
LeCTRlM - DoSKP2A Tl 7 5 i 5k 5l 5 5 ik,
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_E%%WJ fiil DoSKP2A API65115
/N E UGB % PeSKP2A XP 020580378
7% AoSIP2A XP_02062100

B SiSKP2A XP_004962027
_— i SbSKP2A XP 002439826
JKHE OsSKP2A XP_015612144

H
R BASKP2A XP_003568409

735 AcSKP2A XP_020095504

AR EgSKP2A XP 010921703
A PASKP2A XP_008805881
A ] TeSKP2A XP_007019289
BB ReSKP2A XP_002520258
FiHH8 CsSKP2A XP_006472896
TEJFRFE CsSKP2A XP_ 010477405 Pt
K H GmSKP2A XP_06581607 -
#JI\ CsSKP2A XP_004144256 -
JHE NtSKP2A XP_016450816
Z K SiSKP2A XP_ 011101915
£ NnSKP2A XP_010260458

4 DoSKP2A 5H({hEY) SKP2A & EKFHLK
Fig. 4 Phylogenetic tree of DoSKP2A with SKP2A proteins

from other plants

8

b 6.16
i 61 E
9 s
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B 4 3.09
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100
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it e 1

AR R M2 R "P<0.05
Significant difference in test: "P < 0.05

E5 FIFA qRT-PCR 4347 DoSKP2A ERE AL RIERR
Fig. 5 Tissue-specific expression pattern of DoSKP2A gene
using qRT-PCR analysis

U E O A B TR E A S EE, I E
AL IR 32 B3 A fE A B R I B R, X PR A
F-box FIRIEIEZ R AN F R4S & RWAE FH B e AL
J& 1% . DoSKP2A 5§ 7+ ATD14-D3-ASK1 E &
A B BEPIZE 2R 0L, SRJE T SKP2As 73 1E AL
BFI S, S/NEIGEIE L R g R, A
R R X2 BLUL B IR B A il F-box ERE
A DoSKP2A.

EEEERZ #GdREd, SKP BEH N K
F-box fR5F45#J3nf 5 CULL. RBX1 fl ASK1 454

TR A B S R 00) B3 &4, (RS E2 2 &
FICHE 2 R A EAE R, A3 R ALk R 04150,
F-box ZE it hE S C it LRR PrREIVEH, 3L[E 6155
JER AR T P R 2 5 IR 25 A 15, DoSKP2A
f) N R A77E LR ) F-box 5T 45 K938, C I
LRR /7%, #rRHZ5Z k. SKP2A HHEAMY
25 [ ZRER, HEAS ] LOEZ 2
Vef@, JERewk N-REEREWT, W2 5E S
FHAMFE T EZ AL TE. DoSKP2A &A 4
A N-PR G 58 07 U B BT SE BEAE AL A o X 2E4E
P 785 2 B DoSKP2A Mz -5 FIBHE 12 1 Th g
H, HAENDIREA DA

F-box & A KRR 1 7T RIAF S i
P (PR A B 2 G R % V) A A€ GhFB1 A1 GhFB2
Hifid () F-box & HEMRAE K B WA B IR BRI £ 4
BREWRIEE, METFRENAgEHEDER
1K, YLIHIX 2 AR R R B A4 A KOk E A RS,
PAETT At5222700 7ESANHL R HRIE, (HIELE
AR R R IE ER AT, F-box JERAMUAHL KR
EFEE, EZ TR RE. SRS AEAE Y E 5R
TR YR B 1), GsSKP21 /15 ABA {5 5 i@
P R S ER R e U8 5 W 5 8 s 4 R T
SKP1 28EFH (ASKI13) Z 5B NFFHi Kk
My AR E . A FFAH gRT-PCR 74T
N, B A F-box JE[K DoSKP2A TR B
PFRIAFEREZER, KICNIR>ZE >0, A
R IBRHIE U B R R X 2 N E R RR
ik, Z2HAMEKKERE. £ T SKP2A @il
KRG @SN T2 H-EARRE, EmEaR
e A U YR E SR 08 91 AL N =5 S P
BRI RNAIL 80 5 3RIA 7750 70 DoSKP2A
RIZFRIR R S o AR, AU B T B A Al s
PRAESEN Iy A EALH], T E st TR
BOIRIE A 77 e il S5 S e 24 T SR AR A B

SE Ak
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