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Abstract: Objective To clone and characterize the F family ATP-binding cassette (ABC) transporter genes in Dendrobium officinale.
Methods RACE was used to isolate ABC transporter genes from the leaf cDNA of D. officinale. Characteristics including molecular
weight, theoretical pl (isoelectric point), conserved domain, transmembrane structure, signal peptide, and subcellular localization of the
deduced protein were analyzed by serials of bioinformatics algorithms. The analyses of multiple alignment and phylogenetic tree were
respectively performed by DNASTAR and MEGAG. Tissue specific expression patterns were determined by real-time quantitative
PCR (qPCR) analyses. Results Two full length genes DOABCF1 and DoABCF2 (GenBank accessions KU160474 and KU160475), 2
104 and 2 193 bp in length, respectively, were obtained. DOABCF1 was deduced to a 600 aa (amino acid) protein with a molecular
weight of 67 030 and pI of 6.20, while DoOABCF2 encoded a 659 aa protein with a molecular weight of 74 140 and pI of 5.71. The two
deduced DoABCF1 and DoABCF?2 proteins both had two conserved ABC domains (74—314 and 385—600 for the former, 65—323

and 392—607 for the latter) and several functional motifs. The proteins did not contain any signal peptide or transmembrane
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domain, and were predicted to locate in the chloroplast. The two genes were highly identical to the plant F family ABC transporter genes with

more than 80% similarity, and were mostly close to monocots ABC F family members from maize and rice. DoOABCF1 and DoABCF2

showed different expression among the three organs and both had relatively highest expression levels in the leaves, whereas no significant

difference could be observed in the roots and stems. Taken the stem as the calibrator sample, DoOABCF1 transcripts were 1.74 fold over that in
the stems and DoABCF1 transcripts were 3.44 fold, respectively. Conclusion Two F family DoABCF1 and DoABCF2 genes with full
length cDNAs are successfully cloned in this study. The highest expression levels of the two ABC genes in the leaves of D. officinale suggest

that they should play an important role during the growth and development of D. officinale.

Key words: Dendrobium officinale Kimura et Migo; ATP-binding cassette protein; clone; expression pattern
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PCR buffer, 0.4 pL 10 mmol/L dNTPs, 0.4 uL 10
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GTTTACTC-3’; DoABCF2-orfF: 5’-GAAAATGGC-
GGGCTTTAGTGGCATAGA-3’#1 DoABCF2-orfR:
5’-GTATCACTTCAACGTTTAGCATTCTTC-3>, i
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nih.gov/gorf/gorf.html) 73 #f cDNA J3°41; Hl ExPASy
Proteomics Server [/ InterProScanChttp://www.ebi.
ac.uk/cgi-bin/iprscan/). PROSITE Chttp://prosite.
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. HHE ABI PRISM 7500 SDS #fF (Applied
Biosystems, ) A2 C; (cycle threshold) 1H,
K 278 S L e ik B,
3 ZER5%H
31 EEFAmESH

2 Ik 3°-RACE X W43 3R A5 FROP A BE 1l e —
sty ZwlE. WP AK 1 567, 1 220 bp 12
575, oy A5 R BST i, SRIG KR 2 104
H12 193 bp 2 4 cDNA J7%1l. BLASTx 43 H13& 1 —
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1 RT-PCR # 1 DoABCF1 Fl DoABCF2 £F £
Fig. 1 Agarose gel electrophoresis of full length ¢cDNAs of
DoABCF1 and DoABCF2
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3.2
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) = RA T o $2)E (alpha helix, 50.33%71
50.68% ) . ZEfH 5% (extended strand, 16.17% Fl
18.66% ) Fti#1%: i (random coil, 25.17%H1 24.13%)
KB B ff (beta turn, 8.33%7F1 6.53%) 41H.
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Fig. 2 PROSITE analyses of DoOABCF1 and DoABCF2 proteins
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Table 1 Conserved motifs of DoOABCF1 and DoABCF2 proteins
IR R
G M -
DoABCF1 DoABCEF2
ABC ¥zt ARIGRT 218~232 227~241,511~525
ATP/GTP 454350 A (P-loop) 18~25, 106~113, 418~425 97~104, 424~431
A C WAL 6~8,29~31,57~59, 259~261, 43~45, 47~49, 73~75, 144~146, 160~162,

338~340, 361~363, 493~495
Pife S R VAN 11 BIR AL A7 5
305~308, 476~479, 541~544

cAMP/cGMP 1 #i 2 14 %
IR 5

N-BHIEALAT A

N-57 5B A

373~376, 503~506

AL
S a R

98~101

38~41,92~95, 145~148, 152~155, 191~194,

22~27,42~47, 63~68, 106~111,
173~178, 203~208, 279~284, 421~426

220~222, 349~351, 387~389

5~8, 25~28, 144~147, 173~176, 317~320,
353~356, 380~383, 395~-398, 473~476, 477~
480, 512~515, 584~587, 627~630

52~55, 506~509

69~72,142~145,307~310, 471~474, 582~585

6~11, 97~102, 100~105, 299~304, 344~349,
346 ~ 351, 427~432, 513 ~518, 558 ~ 563,
651~656

109~114,

163~184
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34 EEZFIILEXT

iz DNAStar 6.0 "' /) MegAlign F¢ /3 X}
DoABCF1 #1 DoABCF2 [ fI £ k%) ABCF &
HEHTZ P FI 8T (B 3-A B). Z55EMH,
Bk K £ it DoABCF1 1K M1 45 4 45 VVABCF
(XP_010651804), T A] TcABCF (XP_007016842).

ABC signature

B HvABCF (AF064340) FI/KFH% OsABCF4
(XP_015650334) [FAHAIES 00 88.5% 88.3%-
87.8%. 87.3%. DoABCF2 # 4 L5%i%4 VvABCF
( XP 002279804 > . £ % ¥ PtABCF
(XP_002310031). /K& OsABCF6 (XP_015617767)
FHLHI 7T AtABCFS (AALO08291) 2528 (A AR
3K 78.6% 17.7%- 76.8% 76.6%. AL, 24
FARA 2 MESTH) ABC Zikik, 754 ABC ¥iz
I F FE SRR .
3.5 EBRSFHLSH

KH MEGA 6.0 # A, 48427: (neighbour-joining)

KU160474
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AF064340

XP_007016842
XP_010651804

SELELNYGRRYGLLGLNGCG!

KU160474
XP_015650334
AF064340
XP_007016842
XP_010651804

ILFGLGFR
ILFGLGER
TLHGLGEN
ILFGLGFNE
ILFGLGFR

KU160474
XP_015650334
AFO64340
XP_007016842
XP_010651804

KU160474
XP_015650334
AF064340
XP_007016842
XP_010651804

KU160474
XP_015650334
AF064340
XP_007016842
XP_010651804

NEWDGGL
NEWDGGL
NEWDGGL
NEWDGGL

KU160475
XP_015617767
AALO08291
 XP_002279804
XP_002310031

KU160475
XP_015617767
AAL08291

XP_002279804
XP_002310031

1EIMGRLLDE
1EGEVEDLDLMGRLLDEDLL

206 KU160475
237 XP_015617767
239 AAL08291
265 3 L 5 ) DLDTIEWLEG! r XP_002279804
247 5 3 RILLQ EPTNELDLDTIEWLEGY! XP_ 002310031
340 KU160475
371 XP_015617767
373 b AAL08291
399 1B K ) XIRFPERGISGR: / XP_002279804
381 LGAGER ] ) TRFPERGRSGR XP_002310031
474 @ Z CK - SGEER LDIPSKEMLE KU160475
505 ) XCN 2 ) L.DTPSREMLE! XP_015617767
507 ) AAL08291
533 v XP_002279804
515 XP_002310031
608 KU160475
639 XP_015617767
641 AAL08291
667  XP_002279804
649 XP_002310031

4 2/~ ABC 4itilk, T
Pt-Populus trichocarpa

ACFUFETT Hb-BREH Do-#kBATt Os/KAE P-BAN Ternl V-4, S
At-Arabidopsis thaliana Do-Dendrobium officinale
Vv-Vitis vinifera  Thick lines indicate the two conserved ABC_TRANSPORTER_2 domains, same as below

Hb-Hevea brasiliensis Os-Oryza sativa Tt-Theobroma cacao

3 DoABCF1 (A) #1 DoABCF2 (B) £EH 5 FEY) ABCFs A% 75 LLxf
Fig. 3 Multiple sequence alignments of deduced DoABCF1 (A) and DoABCF2 (B) proteins with ABCFs proteins from other

plants
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¥% DoABCF1 1 DoABCF2 R %ifid 55 11 540, 5
Ty KFEREK 3 MY ABCFs 8 S5 K D2 1)
oy TR . 45K W (B 4), DoABCF1 Hl
DoABCF2 73l R 2 MAFET 3 b, If
H#B5/KFEM £ K ABCFs K52, R
M5 B RYSR G R R BT .

DoABCF1 (KU160474)
OsABCF5 (XP_015612428)

OsABCF4 (XP_015650334)
ZmABCF1 (NP_001307418)
ZmABCF6 (XP_008662559)
ZmABCF5 (XP_008676869)
AtABCF1 (NP_200887)

OsABCF1 (XP_015626086)
I_|: ZmABCF2 (XP_008681055)

AtABCF3 (NP_176636)

DoABCF2 (KU160475)
_IE ZmABCF7 (ACG26626)
OsABCF6 (XP_015617767)

| [ AABCFS (NP_2012689)
AtABCF2 (NP_196555)

OsABCF3 (AAL87178)
OsABCF2 (XP_15632267)
ZmABCF3 (XP_008652094)
ZmABCF4 (DAA42546)
AtABCF4 (NP_567001)

4 DoABCF17#1DoABCF2 547+ /K F&#0 % K ABCFs
KikE B Bt

Fig. 4 Neighbor-joining phylogenetic tree of DoABCF1 and
DoABCF2 with ABCFs family proteins from A. thaliana,

rice, and maize

3.6 HHARKEFFMHEDT

Oy B AT MR . 25 AR R RNA,
FIHH qQRT-PCR A 2 NIEDH 2 LR R R A
LERKH] (B 5), DoABCF1 1 DoABCF2 PR 4%
SEATE 3 PRl AR RIA RAFAEZE S, (HIERH
FILHEAIL, WiemthmEREk . D NRIER:
A, DoABCF1 {ErtH AR Ik 22 ) 1.74
%, WP, 2291 0.79 £%; DoABCF2 7EI:
WA RIS B 2R ) 3.44 5, ARFPIRZ, hEE
TR 1.55 5.
4 g

T ABC HisE My E KRB EZEHR
BER, TRl gl brikmg, e
[ p et NI/ @ N 5/ SN ] €1 SN e
MW P E s, #4177 ABC FIRAEN
MRGSE b Jefloe i Smot. 29 Y
iy ABC g SEN B iRiE, i H A g %
MK WA SO G ABC FizkPY, can
UiRen) ABC ¥zt HF 258 T AL B. C. D. G

4 344 oDoABCF1aDoABCF2
g 3
é 2 1.74 1.55
= 1.00
= : L0079
0 ‘ . ‘
nt £ R

5 @RT-PCR %47 DoABCF1 #1 DoABCF2 E X #£A4A KA
Fig. 5
DoABCF?2 genes using qRT-PCR analyses

Tissue-specific expression of DoABCF1 and

AIT6 NFIE, P E FKiH:K AtABCEL &40 i
PO RNA JTER 3072, ARNRREIN F 5IEIE
DK H A 225, SR IFRUKRE 847 5 AL 1ok
7 ANPOLTTAR 6 AP A AR - 4 AL
YRR AR ABC FERI K I T ILAEW)2- Th R,
R A R TE ) 2 BILI R A B R S
I, AWFFEAA RACE k4 23] DoABCFI1.
DoABCF2 JE[H, JFiAT 7 L FARRPE . S5 R 3.
WAL AL 5 7L S I R A R TR R 23T o

DoABCF1. DoABCF2 5 Z #i¥) F K%k ABC
M AR B s, g S 5 ABC
IS A FIEM 2 MRS ABC 45if0l. ATP 454
P, FFERY F FE ABC 8 A K550 4 ks
Pl 2 ANE A LAE SR I, RelwbiEA,
TR A7 AR SRR, v BE AR SR AR BRAR A
Mo £iffk ABCF iz 5L 8 5 FORRK AR G Rl
G b A B SR T F 063 R T e 11 1 B
A BT PR FRHEE DR ) BE 1R [RI R LU 43 #7

5 DR 3R IR R R DN 2 R 2R 5 TR Iy e 1 e T
o AHURTT 131 4 ABC #s R KITE 47 D44,
SWELR M BRIE T, 45K ABC ¥iz
FERE R 29 R B i R R a i, e
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