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ABSTRACT Objective: To study the molecular mechanism of the ubiquitin-conjugating enzyme UBC9 in the development of
protocorms of officinale. Methods: UBC9 was identified from Dendrobium officinale Kimura et Migo genome by bioinformatics, named
DoUBC9. The cloning and splicing of RACE was used to obtain the complete DoUBC9, and the 3' end of DoUBC9 gene was cloned and
then spliced with the genomic sequence to obtain the complete sequence. Results: The full length of the gene was 7,176 bp and the CDS
was 447 bp, encoding a total of 148 amino acids. Subcellular localization prediction results show that DolUUBC9 has a high probability of
being distributed on secretory vesicles and plasma membrane. Sequence alignment and phylogenetic tree analysis indicated that UBC9
from officinale and other species had highly conserved UBCc domains, and the evolutionary relationship was highly conserved. qRT-PCR
analysis showed that DoUBCY9 had the highest expression in callus and the lowest expression in leaves in different tissues. During
protocorm development, it had the highest expression in P1 and less expression in other periods, indicating that the gene may promote
rapid division and growth of cells in plants. Conclusions: The basic model of DolUUBC9 protein was constructed for the first time by
molecular modeling. The optimal model of human ubiquitin-binding enzyme E2 H structure (2Z5D) was determined by different
evaluation methods.
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Table 1 The primers of DoUBC9

Elk7 B SI¥F5I(5’—3)

The name of the primer Primer sequence (5 'to 3")
UBC9-W GTTTCACTGGCAAGCAA
UBC9-N ACAATAATGGGTCCTCCTG

UBC9-RQ-F CACTGGCAAGCAACAAT
UBC9-RQ-R TGGGCTATCAGGAGGAC
3RP GTCAACGATACGCTACGTAACG
3RNP TACGTAACGGCATGACAGTG
Oligo(dT), GCTGTCAACGATACGCTACGTAACG
GCATGACAGTG(T) 5
ASS-RQ-F GTGCTGACCGTTGATCAGA
ASS-RQ-R AGAAGCGGGAGAGAGTTCCT
GAPDH-RQ-F GGCGACTCCCCTCACTACTA
GAPDH-RQ-R CAGGCATCTCATTGCCCAGA
Actinl-RQ-F TGAGCGTGAGATTGTGAGAGAC
Actinl-RQ-R GATTCCTGCTGCTTCCATACCA
APHIL-RQ-F TGCCTGCGTACTTTGCATTG
APHIL-RQ-R GTACCAAAGGAGGGGCCAAA

T
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MM(http://www.cbs.dtu.dk/services/ TMHMM/) 7§ £& 4% 4 HE 47 5
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% 75 AT L XF 437 5 I SMART (http:/smart.embl-heidel-
berg.de/)PEL XA XT H G5 M AT 7347 s -l MEGA 7.0 3k, i
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Y5 RNA 30057 SR A cDNA R AR, 57 F A ER 2R Bl
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T AT 22 B R R FE MRS I R AR R /NG R 450 bp 4%
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B 1 DoUBCY TR RE
Fig. 1 Cloning result of DoUBC9

4 DoUBC9 X i B FE R4 /7 4] I, 45 El 41 7,176bp (3
H4H 741, Horfr CDS K 447bp, #i47 3 AM4MRFH 2 MAEF,
FEFEZEHI AN 2.
2.2 DoUBCY ¥ BZ 5
22.1 DoUBCY AN #HF  DoUBCY (1 148 & IR 5%
TR AL, 43 F 1R 16,436.97ku, 558 A5 pl o 7.74, JRFAECh
2,295, AAERGE JHKE A, AN/ R 30h, DoUBCY HEH
P UBCe fR-FEEHI, (T 4~143 f & SEMmakIt

DoUBC9 & [ 1) 37 41 it 2 37 9 ) 45 SR 40 T - 48.0% 5 F

IR GAENL T, 36.0% AL T U I, 16.0% A2 T4 i, 4n
&l 3,

DoUBCY — &5 Hy Tl , il 4(F i (A 3R7R o BRI, 21

COITRIER: , SR OFTRIENMEE , SR OFTRIAEGE) .
222 EEEESRERES 78 NCBI 258 DoUBCY J¥
5, 2 35 Z AL T HIA 100 4%, AR TN 85~91%,
HAEDIRTF I 13 55,5750 : B9 (A sparagus officinalis )
91% . 4 17 (Cynara cardunculus )90% . [ H 3% ( Helianthus
annuus )89% . T K JX (Carica papaya)89% . /)N 5 WY 8 2 (Musa
acuminata)88% , A (Ziziphus jujuba)88% | 3& (Morus notabilis )
87% VU # 1 (Cucurbita pepo)88% . 7 JA ( Cucurbita moschata)
88% . K & (Cajanus cajan)89% . KA K (Gossypium arboreum)
88% . W] ME 2% ( Phalaenopsis equestris ) 85% . % # ( Populus
euphratica)85%.

Ve IR YIRS 51, BEAT 2 R B LURS o 28 LEXS
R, BRI PRSP A AR B S, P9 AR SF Y
“MASKRILKELKDLQKDPPTSCSAGPVAEDMFHWQATIMG
PPDSPYAGGVFLVTIHFPPDY PFKPPK” )35 [ 367 , 3 — 2 F
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BIRTGENL 5, 70 ATP (VRN T E2 M4 5 AL E F i
MG WK S,

eI SRR m Ay 810, R 4R % (Neighbor-
Joining ) , fii I/ MEGA 7.0 A4ttt . R4, J& T
2R AR AR B A A, 5 ()R T B R O 22
IREOC R B, HUCR AT 8] H 28, R8T 305 1A |
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Fig. 2 The structure of DoUBC9
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Fig. 3 The transmembrane prediction of DoUBC9
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Fig.4 The secondary structure prediction of DoUBC9
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Fig. 5 Multiple sequence alignment
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13 Cajanus cajan 7RG
Musa acuminata /NREFEFE
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Gossypium arboreum RAEAR
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Cucurbita moschata T\,
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% Cynara cardunculus T0¥T
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0.050
6 47 UBCY & F it kit
Fig. 6 UBC9 phylogenetic tree of multi-species

H i, DoUBCY & A it JC A I SR 25, K DoUBCY 1y
CDS J3 51| BHiF: 5 1 25 117 51 #2232 5] PDB(Protein Data Bank) %
IR B 4 YR R F ARG R YRR B AR, ELAH
L RTF 25%, 7] HF R @ - FAH, 439002 : BRI UBCY
(4X57)41.90% . I 5z E 45 4 W PF 10_0330 4544
(20NU)72.70% . Nz Z 454§ B2 H 2544 (225D )67.70% F1F]

& )5 B 207 AR E2 45 (1YF9)29.80%, 4
K A Discovery Studio 3.0 {4, H-5R H = A [6] AL B SFAN T
A, RV EEY) DoUBCY B 45 FIREEY, 43-Jil) J& Profile-3D
Ramachandran plot I ERRAT, ¥y (K& (45 H gl 7,
2.3.1 Profile-3D it Profile-3D A& —FldL T “ZFLkik”
ROBERIPEARRRY , % IFH R A 3D-1D (9T 43 pRECK A I T 44
AR | B AR T VL ECRR G R, A E M, TR
BE 1O 7E PP A A | Expected High Score 5 Expected
Low Score 435l CFRAETITT 43 AT IRAR 00 foe oo AR AR A, 1557
1T Expected High Score JU|3R/RARE! 100%A] {5, 5L Z M 100%
ANAME AL TP Z A0 F R Al 3E 48R . ARG R TP S 2 = A ]
DA, A554 20NU #4282 (19 2R (AR RIS 43 18 T AR, I /e
PPN, 20NU fF THAbR RS . BARTES-an5R 2,

2.3.2 Ramachandran plot i4/t = Ramachandran plot i f T
I 3% 2 1 T RS AR 548 TR KB PN o B R RIR R R ]
PRV RE AR THE 2 5 (psi ) X oo Bl LT FNRURL T =22 18] (1) i€ 5% 1 (phi ),
JFH Sk F5 W iy AR v ) S R R R ARV RIS AR IR 2 01,
BIrhig g N XA R “BaEX”, BaLNXEitE il
X7, HoAth X33 “BAR X7 , b A R v S SR R S A F
T X AF R, R, A TR XN AT A5 B eIk, v,
A — AR AR R AL TAEIRIX, 1M 20NU 275D (4X57 Jo 4
FEFRFRFLAL FAEIRIX, UEBHTEIZ I, B 20NU 275D,
1YFO L TR 4XS7, DURMEH T AR Y i =07 P, N 8.

% 2 Profile-3D 4> 3
Table 2 The evaluation table of profile-3D

1#&1% PDB ID Verify Score Expected High Score Expected Low Score
4X57 40.22 58.31 26.24
20NU 53.34 58.31 26.24
275D 51.34 58.31 26.24
1YF9 40.19 58.31 26.24
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Fig. 7 The constructions of DoUBC9 for different templates
A 1EHR 4X57 B: 454 20NU C: #5#% 225D D: 4547 1YF9

A: template 4X57 B: template 20NU C: template 2Z5D D: template 1 YF9

2.3.3 ERRAT iy ERRAT P 25047 T AR T 28 5 1]
TCHAN AR G2, 40 TIRE RO R B LM Iri i
ARSI Ji =2 (] A SR B R AR B P B, #E ERRAT T
i IRZEG T E R AR AER, 8 A N e (ST o e
TAERZIER, A {E . ALY ERRAT (http:/servicesn.
mbi.ucla.edw/ERRAT/) ¥t BT 44 7 i () 2Kk iz /6 ik iZ 2 DoUBC9
BT = AR AT P4, B BT, B 225D fE L PEA
T REGI A AT A, JORE S R I oLt R, B
PR A A B 2 fE T HAth = AL, I [E 9,

GA R =ML, UAZ R A E2 H45W
(275D ) AR AL R 2k B2 A fift DoUBCY 28 454 A = FiiT:
MrBE = R iR .

2.4 DoUBCY RiEHHF

KH qRT-PCR A, 438 DoUBCY 1EA R4 ZURN Bk 25
AN A AR R A i AR AT S Ak B2 A RN S L R
FIBFSE , TERIF ST R B A R 4 G Rk I, e ) Aseinl (8-
Actin,p Wl 31 % H ) .GAPDH ( Glyceraldehyde-3-phosphate
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[& 8 Ramachandran plot {4}
Fig. 8 The evaluation of ramachandran plot
A 1EHR 4X57 B: 454 20NU C: 54 225D D: 447 1YF9
A: template 4X57 B: template 20NU C: template 2Z5D D: template 1 YF9

dehydrogenase,, H i -3- i I U5 ) VE M NS I A, TAEAT
FERR A R ERZE A I R BB, 1% A SS(Argininosuccinate
synthsae, K & IEHIEL A BCHE ) A1 APHIL( Gamma-secretase
sub unit APHI-like,y- 43 W} fiff 7. 2 APHL) fEh N Z .
qRT-PCR {45 7R , 2 L R TE A LH LR B 13 iz 3Rk,
mE 10,

LT R I, DoUBCY fEM AR b Rk Bdn iy, HUOE
2R EM TR RN, IE A2 139.9 18 FEAN R B 5
FREERYFRIKTE T, DoUBCY 1 P1 It ik i K T HoAth st
WRERZE R 51 H p2 B KR T B, 78 P3 B34 i
b P AHZE 56.86 1, IF A P2 &I 4G LR /NEE IS, HE
JRERZEBF BISE T, AR FRIA A/ MKIR N P1.PT7 P2 P6. P4,
P5.P2,

’|||||||||||HHM ||||||“’|” b I‘” i,

B

wm HﬁmﬂMka

& 9 ERRAT i
Fig. 9 The evaluation of ERRAT
A:#1R 4X57 B: 4845 20NU C: 44§ 275D D ##] 1YF9
A: template 4X57 B: template 20NU C: template 2Z5D D: template 1 YF9
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Fig. 10 The relative expression of DoUBC9 in different tissues and protocorms at different Stages
A:FEHELA:R- 1R, St- =, L- I, C- A AR ;B REIREIKZ=ATHEA, P1:0~5d, #FiF b, REEF R ; P2: 10~15d, JREKZER A ; P3:20~25d, R4 & 48
LR ; P4:30~35d, w4y EE AT ; P5 :45~50d, ERBURERZE LAY ; P6: 65~70d, HRE LB RGR K ; P7:90~100d, IR EHLAF R o
A: different tissues: R-root, St-stem, L-leaf, C-callus; B: different protocorm periods, P1: 0~5d, embryo activation period; P2:10~15d, protocorm

formation; P3: 20~25d, promeristem formation period; P4: 30~35d, apical meristem formation; P5: 45~50d, ellipsoid protocorm formation; P6: 65~70d,

the formation of leaf primary vascular system; P7: 90~100d, root meristem formation.

3 g

1995 4, UBC9 K & ¥k ¥ Seufert & B, J5 75 I B AUk
A Vel SR AR B ), UBCO B h AU R B4l
E2 ) —Ff  (HBEE RIS TR, KB UBCO MR iR
H, FE OS2 RE AP —F0, [z Z Mz R
A R #AER N H., UBCY S 2807 Z Akl — 45 & | 217,

SUMO fhEMi L 2l & AT R4  BHA Y T L it
AR R A HIL R I 5 20 B PN A9 25 (L DR, TS BB M U 4
SEUFAN A . AN UBCY SE B & #E SUMO fLad &
ME— P45 A I U B B TFSE T, 2 T E Ak sh i h
XFMRIR K SEAE TR AR YT A T T, B A A AR UBCY
FER BT RIE . UBCO i K IR w12 7E R S5 sh ik N & B
2525 Y DB o0 4 5 200 PRI AR A i) S BRI K
LSS, ) UBCO FEPR A2k, AMAL AT ok 28 40
L JE 0T, 400 i i iz sh Y, [l i BE S ) P53 Ay RER Bk 2
—FET AR N R, W, S0P R, FE 2T R
T O SRR R BA (S R4S, & B UBCY SEH 7
JRAR AP EE LR ] UBCO 3R ) 235, Il m] DA n
e3R8 4 B XL 24 9 (A SRR UBCO Sk R 75 sh ) R ) 4
L35 i S AN D 2 B FE A, [FIR, UBCY 3 PR B i 52
TERE B B BR BEMERY, 2, UBCY TE40 IS o3 25 i
FLE R AN AT h & 45 EEAEH.

ARHIFFE T, NEAT (R B A b DR 2 e i 1 UBCO [ Y
F B, FIH RACE $ARZRAFZIE R AY 3° 5t 41, i BEIE s
458 7176bp k2 A iR DoUBCY 42K, Hirp CDS [X Ky 447bp,
i 148 NMEILRARTAE Ao 2T, & —4 140 4
SRR IL M ORSF 254 3% UBCe, 5 H AR M b (1) o x5 &
B, HHA = RS . ZESi AN, UBCY A [ HAT
 BERSE R S5 IR, I S5 UBCO o BTG VEAL S AL, ¥R
Cys FRILIG LN T2, BA 4 B R ] SUMO 1L RE & M| 5E
o IR LEXT R I, DoUBCY 55 [F]J& T B I (19 4 S5 R g 05 ==
FG R, SHAMTTA JEA S S F AR 2 R

I, XA AR WS RRAE

i# i qQRT-PCR 4347 &I, DoUBCY TEA [ 4 4R vh ¥4 45 3
KRR R ZE R . B AR AR AT A & —Fh
25, A IARFNZE P A X 35 R 3R — 3, {HUZ: DoUBCY Mt
LHAU AT PR o = T HAL A 2, 5 3R5 iR AR A A
22T 1399 5. AL R Y R R 32 B IS TE B i) v RE 24
oL, A R v b B R R A MG A, A T AR A AR
BB, i F DoUBCY RIS 572 ZALRZEZ 240 fe,
T A5 20 20 R A 7 2 T8 TE S PR B T 0kt ik PRI T {1 3 490 i e 3k 4
24 BB AR, R A BT R T A R AT
A EEATE I, B 22 1 SR AN M ) R T R AR AR T4l
LA IR i A 4 2 T AR . 2R AR R A AN A 2
DoUBC9 Ik BN 8k B2 AU & B o 3™, B 45T
JRERZE X — WA B & B R . DoUBCY TEJFERZEA Al B 1]
YA RK, H7E P1 R R R R 53k, PL IR T A
VPTG AL, ZERE RN T R EREE A s , IR DT 9 40 A
PRIREE B 53 248 1, X —BHHE DoUBCY WM RE &Y
Ak P3 BT HIAHZE T 56.86 1%, W] DoUBCY FEAR BRI TG 1L |
At G iE - B —EMYER . DoUBCY 1 JRERZE& B 1Y
FFA, WHSS THRERZELF &R, 2 DoUBCY 1E P2
IS, ERIRER T IGLLS R, DoUBCY Fik it 594K
FEAR , X S A K BE R , A M w32 ol PR M s 8,
FRR ST LB

M T UBCO FE KA Bk /b, i AR A R4 i 5
HAER AR ER . BT ARG, 9125 & 3 UBCO B[R 7Rk 57
AR 2B T 0 B A LU IE L S 3RS
UET IR AR A s sh ait o o LA (R i 20 B 284 B0 o1k
Ve R4 BT RE S ] UBCO SE PR A — 4Pk, etk iy
Ik R R A DL AN SRR — A, 143 R e R
YR B, bt R BUIE BUAEMPIR EREAEEE X,
AT RER R H ISR B — A EE N .

25 LR AT R KA R R A Pz A 15 B
2EM R S8 1 DoUBCY, 31t RACE R Tale 5 $f4% , 15
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F5EHE 1 DoUBCY, 54 4Ky 7176bp, CDS Ky 447bp, S

1) 148 DEHERR . @ 7> Ty 3, Bk g i DoUBCY

FIEREARR i AR R X E T ANZ RS S

E2 H 4548 (225D ) Ayl ARS8 by e AoAsi 4 . F 1] qQRT-PCR £

ARSI T EREEAT 8 DoUBCY TEA R A AN ERZEAN R R 11

FIRRNGOL, A5 SERBR B A A K R B ITFE B kA
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