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Abstract: ABC transporters (ATP-binding cassette transporters) are a family of trans-membrane transport
proteins, which are ubiquitous in prokaryotes and eukaryotes. They are functionallyinvolved in the transport
and accumulation of plant secondary metabolites, phytohormone transport, lipid metabolism, exogenous toxins
detoxification, plant disease and other aspects. Based on the genome and transcriptome data of Dendrobium
officinale, 88ABC transporters were preliminarily identified in D. officinale and their functions and subcellular
localization were predicted. These proteins are divided into seven subfamilies, ABCA-ABCI, including 4
ABCA, 19 ABCB, 12 ABCC, 3ABCD, 9 ABCF, 37ABCG and 4 ABCI, which are mainly located in plasma
membrane, vacuole and Golgi apparatus. Comparative transcriptomic analysis of ABC protein expression profile
between asymbiotic and symbiotic germination of D. officinale show that some members of ABCB and ABCG
proteins are highly expressed during seed germination inoculated fungi. gPCR validated that 2 ABCB11 and
2 ABCG-PDR are significantly up-regulated in symbiotic assay compared to asymbiotic germination (fold change
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=10.0). These proteins are mainly involved in abscisic acid and auxin transport, suggesting that these proteins

play an important role in the germination of D. officinale seed and in the interaction with microorganisms.
Key words: Dendrobium officinale; symbiotic germination; ABC transporter; gene expression
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Table 1 Classification, function and subcellular localization of 88ABC transporter of medicinal plant D. officinale. PM: Plasma
membrane; ER: Endoplasmic reticulum; Ch: Chloroplast; N: Nucleus, M: Mitochondrial; V: Vacuole; Cy: Cytoplasmic
Gene D Length — Topology Subcellular g ot ohase (Subject_id) Nr accession Classification
laa (Hmmer) localization number
ABCA (4)
Dendrobium_ 578 TMD-NBD PM gnl[TC-DB|Q9F2Y8[3.A.1.105.13  XP_009410753.1 ABC transporter A family
GLEAN_10101513 member 7-like
Dendrobium_ 838 NBD PM gnl|TC-DB|Q7AKK4[3.A.1.105.14 XP_009386971.1 ABC transporter A family
GLEAN_10095497 member 1
Dendrobium_ 533 NBD ER gnl[TC-DB|Q7AKK4[3.A.1.105.14 XP_009410752.1 ABC transporter A family
GLEAN_10078892 member 2
Dendrobium_ 753 TMD-NBD ER gnl[TC-DB|Q9AOKO0|3.A.1.105.7  XP_008776307.1 ABC transporter A family
GLEAN_10047236 member 2-like
ABCB (19)
Dendrobium_ 610 NBD Ch gnl[TC-DB|Q9XUJ1|3.A.1.210.7 XP_008787683.1 ABC transporter B family
GLEAN_10049008 member 29
Dendrobium_ 380 NBD PM gnl[TC-DB|P60752|3.A.1.106.1 XP_009414924.1 ABC transporter B family
GLEAN_10096529 member 11-like
Dendrobium_ 810 TMD-NBD M gnl[TC-DB|Q9WYC3|3.A.1.135.5  XP_008793410.1 ABC transporter B family
GLEAN_10053732 member 25
Dendrobium_ 367 NBD-TMD PM gnl[TC-DB|QINRK6|3.A.1.201.17 XP_008789538.1 LOW QUALITY PROTEIN
GLEAN_10038800
Dendrobium_ 1353 TMD-NBD-TMD- PM gnl[TC-DB|A4QD95|3.A.1.106.4 XP_008784383.1 ABC transporter B family
GLEAN_10065036 NBD member 19
Dendrobium_ 217 NBD \Y gnl[TC-DB|Q90Z35|3.A.1.201.9 XP_008778485.1 ABC transporter B family
GLEAN_10087838 member 25
Dendrobium_ 116 NBD \% gnl[TC-DB|BOY3B6|3.A.1.201.10  XP_006645785.1 ABC transporter B family
GLEAN_10086876 member 21-like
Dendrobium_ 1021 TMD-NBD-TMD- PM gnl[TC-DBM1VAN7|3.A.1.201.21 XP_009414924.1 ABC transporter B family
GLEAN_10086877 NBD member 11-like
Dendrobium_ 593 NBD PM gnl[TC-DB|Q4Q4W3|3.A.1.210.12 XP_008784383.1 ABC transporter B family
GLEAN_10065663 member 19
Dendrobium_ 752 TMD-NBD-NBD- PM gnl[TC-DB|P36619|3.A.1.201.18 XP_006602428.1 ABC transporter B family
GLEAN_10055032 TMD member 15-like
Dendrobium_ 1345 TMD-NBD-TMD- PM gnl[TC-DBM1VAN7|3.A.1.201.21 XP_008795733.1 ABC transporter B family
GLEAN_10043995 NBD member 20-like
Dendrobium_ 1103 TMD-NBD-TMD- PM gnl[TC-DB|QINRK6[3.A.1.201.17 XP_008800115.1 ABC transporter B family
GLEAN_10040496 NBD member 2-like
Dendrobium_ 421 TMD-NBD PM gnl[TC-DB|QOWMLO|3.A.1.201.8  XP_008800555.1 ABC transporter B family
GLEAN_10038798 member 1-like
Dendrobium_ 310 NBD PM gnl[TC-DB|M1VAN7|3.A.1.201.21 XP_009414924.1 ABC transporter B family
GLEAN_10007070 member 11-like
Dendrobium_ 1340 TMD-NBD-TMD- PM gnl[TC-DB|QINUT2[3.A.1.201.22  XP_008794734.1 ABC transporter B family
GLEAN_10121101 NBD member 20-like
Dendrobium_ 659 NBD-TMD-NBD PM gnl[TC-DB|QOWMLO|3.A.1.201.8  XP_008776904.1 ABC transporter B family
GLEAN_10110397 member 9-like
Dendrobium_ 538 TMD-NBD PM gnl[TC-DB|M1VANT7|3.A.1.201.21 XP_008810360.1 ABC transporter B family
GLEAN_10107402 member 4-like
Dendrobium_ 613 NDB-TMD-NDB PM gnl[TC-DB|QOWMLO|3.A.1.201.8  XP_009414924.1 ABC transporter B family
GLEAN_10107406 member 11-like
Dendrobium_ 1251 TMD-NBD-TMD- gnl[TC-DBJQINUT2|3.A.1.201.22 XP_008779540.1 putative multidrug resistance
GLEAN_10085480 NBD protein
ABCC (12)
Dendrobium_ 1358 TMD-NBD-TMD- - gnl[TC-DB|Q96J65[3.A.1.208.29 XP_008811726.1 ABC transporter C family
GLEAN_10095542 NBD member 8
Dendrobium_ 1074 TMD-NBD-TMD PM gnl|TC-DB|088269|3.A.1.208.1 XP_008784678.1 ABC transporter C family
GLEAN_10091907 member 15
Dendrobium_ 785 TMD-NBD PM gnl[TC-DB|Q10185[3.A.1.208.16 =~ XP_008777748.1 ABC transporter C family
GLEAN_10075293 member 15
Dendrobium_ 316 NBD PM gnl[TC-DB|Q7YR74[3.A.1.208.30  XP_006655858.1 ABC transporter C family
GLEAN_10050743 member 13-like
Dendrobium_ 626 NBD-TMD PM gnl[TC-DB|Q9C8GY[3.A.1.208.20  XP_008803707.1 ABC transporter C family
GLEAN_10050744 member 13
Dendrobium_ 372 NBD gnl|TC-DB|Q96J65|3.A.1.208.29 XP_008803707.1 ABC transporter C family

GLEAN_10026419

member 13
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Dendrobium_ 761 TMD-NBD PM, V gnl[TC-DB|088269|3.A.1.208.1 XP_008800825.1 ABC transporter C family
GLEAN_10109493 member 14-like
Dendrobium_ 1462 TMD-NBD-TMD- PM, V gnl[TC-DB|P14772|3.A.1.208.18 XP_008792061.1 ABC transporter C family
GLEAN_10040589 NBD member 3-like
Dendrobium_ 1601 TMD-NBD-TMD- PM, V gnl[TC-DB|Q09428|3.A.1.208.4 XP_008798685.1 ABC transporter C family
GLEAN_10107384 NBD member 10-like
Dendrobium_ 1117 NBD-TMD-NBD PM, V gnl|[TC-DB|Q96J66[3.A.1.208.13 XP_009408267.1 ABC transporter C family
GLEAN_10089997 member 2-like
Dendrobium_ 741 TMD-NBD PM, V gnl[TC-DB|Q5T3U5|3.A.1.208.31  XP_008796397.1 ABC transporter C family
GLEAN_10058487 member 5
Dendrobium_ 247 NBD \% gnl[TC-DB|Q96J65|3.A.1.208.29 XP_009421234.1 ABC transporter C family
GLEAN_10029154 member 10
ABCD (3)
Dendrobium_ 202 NBD N, M gnl[TC-DB|Q8XE58|3.A.1.107.3 XP_008787282.1 ABC transporter D family
GLEAN_10017830 member 2
Dendrobium_ 573 NBD-TMD2 N, M gnl|TC-DB|Q03024(3.A.1.110.4 XP_008781581.1 ABC transporter D family
GLEAN_10130787 member 1-like
Dendrobium_ 455 NBD N, Cy gnl[TC-DB|Q5V9R8[3.A.1.5.22 XP_008787282.1 ABC transporter D family
GLEAN_10092249 member 2
ABCF (9)
Dendrobium_ 342 NBD - gnl[TC-DB|P37774|3.A.1.3.10 XP_008811580.1 ABC transporter F family
GLEAN_10025955 member 5-like
Dendrobium_ 325 NBD - gnl[TC-DB|P68187|3.A.1.1.1 XP_008811580.1 ABC transporter F family
GLEAN_10029179 member 5-like
Dendrobium_ 301 NBD - gnl[TC-DB|A1JLHO|3.A.1.10.5 XP_008811580.1 ABC transporter F family
GLEAN_10035285 member 5-like
Dendrobium_ 301 NBD - gnl[TC-DB|P39115[3.A.1.121.3 XP_008811580.1 ABC transporter F family
GLEAN_10015469 member 5-like
Dendrobium_ 352 NBD-NBD - gnl[TC-DB|A8BGDS6|3.A.1.14.16 ~ XP_009404064.1 ABC transporter F family
GLEAN_10035284 member 5-like
Dendrobium_ 183 NBD Ch gnl[TC-DB|A8GZV2[3.A.1.132.5 AlU41659.1  ABC transporter family
GLEAN_10056219 protein
Dendrobium_ 500 NBD-NBD Cy gnl[TC-DB|Q52900[3.A.1.132.2 XP_010241809.1 ABC transporter F family
GLEAN_10066736 member 1
Dendrobium_ 731 NBD-NBD Cy gnl[TC-DB|B8F898|3.A.1.3.28 XP_008778513.1 ABC transporter F family
GLEAN_10047638 member 3
Dendrobium_ 709 NBD-NBD Cy gnl[TC-DB|P07109|3.A.1.3.29 XP_009419619.1 ABC transporter F family
GLEAN_10086093 member 4
ABCG (37)
Dendrobium_ 177 NBD - gnl|[TC-DB|P51533|3.A.1.205.12 XP_008777276.1 ABC transporter G family
GLEAN_10008876 member 11-like
Dendrobium_ 662 NBD-TMD2 PM gnl[TC-DB|Q949G3|3.A.1.205.21  XP_009397435.1 ABC transporter G family
GLEAN_10085999 member 14
Dendrobium_ 705 NBD-TMD2 Cy gnl[TC-DB|Q9XIE2[3.A.1.205.9 XP_009400415.1 ABC transporter G family
GLEAN_10061126 member 11-like
Dendrobium_ 632 NBD-TMD2 PM gnl[TC-DB|Q8X0Z3|3.A.1.205.6 XP_008803363.1 ABC transporter G family
GLEAN_10058167 member 23
Dendrobium_ 1088 NBD PM gnl[TC-DB|O81016[3.A.1.205.16 ~ XP_009396592.1 ABC transporter G family
GLEAN_10055867 member 28-like
Dendrobium_ 589 NBD-TMD2 PM gnl[TC-DB|A9SCAB8|3.A.1.204.11  XP_008791250.1 ABC transporter G family
GLEAN_10142667 member 10
Dendrobium_ 810 NBD PM gnl[TC-DB|A4HWI7|3.A.1.204.6 ~ XP_008787546.1 ABC transporter G family
GLEAN_10048472 member 28-like
Dendrobium_ 739 NBD-TMD2 \% gnl[TC-DB|024367|3.A.1.205.20  XP_008777932.1 ABC transporter G family
GLEAN_10041679 member 6
Dendrobium_ 530 NBD-TMD2 PM gnl[TC-DB|Q9H172|3.A.1.204.20  XP_010094714.1 ABC transporter G family
GLEAN_10040821 member 11
Dendrobium_ 610 NBD-TMD2 PM gnl[TC-DB|0O81016[3.A.1.205.16 ~ XP_009409037.1 ABC transporter G family
GLEAN_10037982 member 4-like
Dendrobium_ 663 NBD-TMD2 PM gnl[TC-DB|Q949G3|3.A.1.205.21  XP_009383524.1 ABC transporter G family

GLEAN_10032761

member 25-like
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Dendrobium_ 736 NBD-TMD2 \% gnl[TC-DB|P78577|3.A.1.205.7 XP_008810525.1 ABC transporter G family
GLEAN_10028654 member 6-like
Dendrobium_ 386 NBD PM gnl[TC-DB|Q02785|3.A.1.205.3 XP_009414604.1 ABC transporter G family
GLEAN_10028239 member 5-like
Dendrobium_ 302 NBD PM gnl[TC-DB|Q9H172|3.A.1.204.20  XP_008811977.1 ABC transporter G family
GLEAN_10019851 member 7
Dendrobium_ 758 NBD-NBD-TMD2 PM gnl[TC-DB|Q8X0Z3|3.A.1.205.6 XP_008790946.1 ABC transporter G family
GLEAN_10019795 member 15-like
Dendrobium_ 500 NBD Ch gnl[TC-DB|P43071|3.A.1.205.4 XP_008810525.1 ABC transporter G family
GLEAN_10124931 member 6-like
Dendrobium_ 1155 NBD-TMD2- PM gnl[TC-DB|P33302|3.A.1.205.1 XP_008806677.1 ABC transporter G family
GLEAN_10104987 TMD2-TMD2 member 11-like
Dendrobium_ 654 NBD-TMD2 PM gnl[TC-DB|Q949G3|3.A.1.205.21  XP_008797781.1 ABC transporter G family
GLEAN_10098547 member 26
Dendrobium_ 664 NBD-TMD2 PM gnl[TC-DB|P78595|3.A.1.205.5 XP_008781545.1 LOW QUALITY PROTEIN
GLEAN_10096791
Dendrobium_ 279 NBD N gnl[TC-DB|P41820|3.A.1.205.11 XP_008776879.1 ABC transporter G family
GLEAN_10033793 member 3
Dendrobium_ 230 NBD Cy gnl[TC-DBJASBWEV1|3.A.1.204.7  XP_009396695.1 ABC transporter G family
GLEAN_10003117 member 28-like
Dendrobium_ 223 NBD N gnl[TC-DB|Q9XIE2|3.A.1.205.9 XP_008790946.1 ABC transporter G family
GLEAN_10017378 member 15-like
Dendrobium_ 899 TMD2-NBD- PM gnl[TC-DB|IODHI9[3.A.1.204.15 EM$49680.1  ABC transporter family
GLEAN_10107858 TMD2 protein
Dendrobium_ 757 TMD2-NBD PM gnl[TC-DB|P25371|3.A.1.204.9 XP_002278313.2 ABC transporter G family
GLEAN_10140588 member 29-like
Dendrobium_ 622 NBD-TMD2 Ch gnl[TC-DB|IODHI9|3.A.1.204.15 XP_009407636.1 pleiotropic drug resistance
GLEAN_10137115 protein 6
Dendrobium_ 427 NBD N gnl[TC-DB|P78595|3.A.1.205.5 XP_008795450.1 pleiotropic drug resistance
GLEAN_10063525 protein 3-like
Dendrobium_ 159 NBD N gnl[TC-DB|G7LE38|3.A.1.204.16 XP_008805401.1 LOW QUALITY PROTEIN
GLEAN_10046242
Dendrobium_ 820 PDR-NBD-TMD2 PM gnl[TC-DB|Q9H172|3.A.1.204.20  XP_009401806.1 pleiotropic drug resistance
GLEAN_10053865 protein 3-like
Dendrobium_ 723 TMD2-PDR-NBD- PM gnl[TC-DB|QO9UNQO|3.A.1.204.2  XP_008791552.1 pleiotropic drug resistance
GLEAN_10122649 TMD2 protein 12-like
Dendrobium_ 425 TMD2-PDR-NBD Ch gnl[TC-DB|Q08409|3.A.1.205.15  XP_008804599.1 pleiotropic drug resistance
GLEAN_10063267 protein 12-like
Dendrobium_ 1513 NBD-TMD2-PDR- PM gnl[TC-DB|P40550|3.A.1.205.8 XP_009415905.1 pleiotropic drug resistance
GLEAN_10083925 NBD-TMD2 protein 4-like
Dendrobium_ 1447 NBD-TMD2-PDR- PM gnl[TC-DB|Q6FUR1[3.A.1.205.13  XP_008775867.1 pleiotropic drug resistance
GLEAN_10071279 NBD-TMD2 protein TUR2-like
Dendrobium_ 947 TMD2-PDR-NBD- PM gnl[TC-DB|Q08409|3.A.1.205.15  XP_003632800.1 pleiotropic drug resistance
GLEAN_10062268 TMD2 protein 1-like
Dendrobium_ 917 TMD2-PDR-NBD PM gnl[TC-DB|Q6FUR1[3.A.1.205.13  XP_008805401.1 LOW QUALITY PROTEIN
GLEAN_10046245
Dendrobium_ 1024 NBD-TMD2-PDR- PM gnl[TC-DB|Q08409|3.A.1.205.15  XP_010270957.1 pleiotropic drug resistance
GLEAN_10032126 NBD protein 3-like
Dendrobium_ 787 TMD2-PDR-NBD- PM gnl[TC-DB|Q08409|3.A.1.205.15  XP_008795450.1 pleiotropic drug resistance
GLEAN_10137132 TMD2 protein 3-like
Dendrobium_ 1418 TMD2-PDR-NBD- PM gnl[TC-DB|P40550[3.A.1.205.8 XP_009385804.1 putative pleiotropic drug
GLEAN_10101484 TMD2 resistance protein 7
ABCI (4)
Dendrobium_ 393 NBD Cy gnl[TC-DB|P69874|3.A.1.11.1 XP_009391519.1 ABC transporter | family
GLEAN_10131109 member 20
PEQU_06417-D1 174 NBD Ch gnl[TC-DB|P16676/3.A.1.6.1 XP_009403113.1 ABC transporter | family

member 11
Dendrobium_ 248 NBD Cy gnl[TC-DB|032169[3.A.1.24.2 XP_003570349.1 ABC transporter | family
GLEAN_10077411 member 19-like
Dendrobium_ 200 NBD N gnl[TC-DB|D5AQY6[3.A.1.23.7 XP_008810273.1 ABC transporter | family

GLEAN_10077405

member 19-like
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Figure 1 Phylogenetic relationship of 88 ABC transporters in D. officinale. Amino acid sequences of nucleotide-binding domains
(NBDs) were aligned using Mafft and subjected to a majority tree by Mrbayes 3.0. Numbers above the branches indicate = 95%. The
end of the branch indicates the gene ID



- 1184 - 2424 244)  Acta Pharmaceutica Sinica 2018, 53 (7): 1177 —1189

A1 Dendrobium_GLEAN_10077405 %7E— 3. [FIFE,
ABCF FK %I 9 N E W 7 i 4 AN/, Hop 2
XA 100% 1 5 St .

3 SRR A ABC 3%z & A T RE TN A2 I 40 A € iz

Rt — 2 B AR R A it ABC #5128 B8 1155 R Ik
TR TR, AN S48 W SR M R R AT T Ih
RE I o

B AR S E N 4 /> ABCA B2, 2 ME
oy TR (Dendrobium GLEAN_10101513;
Dendrobium GLEAN_10047236), 435l&4 578 /AN All
751 NREERR; HAIANEAE S REED (L
NBD 1 TMD f#7E T A 2 Ik 1), il i D e )& T
2y (the drug exporter-1) . Blastp Ho X 45 5 & 7R
HE5/NRE £ (Musa acuminata subsp. malaccensis) «
#2 (Phoenix dactylifera) &M% (Nicotianatabacum)
(1] ABCAT7 i 79%~85% [ AU . FE 4+ () ABCAT
IThAE M A, ABCA7 15 Ak EC %@ N 5R R
FUFER (AD) A,

ABCB W& C A2 Y) ABC #iz & A+ 1
BRWEE. PLEIFRUKRE R A% E T 22 AN
2440, MR AR, BE T 194 ABCB W5
H, KB4k 52K, b2 2P E 1 (multidrug
resistance protein, MDR) 5 15 />, E& @iz E M
Fgtis &A% 2. 429> T ia & 1 Dendrobium_
GLEAN_10055032 L /)5 2% U5 i 8t % (Phalaenopsis
equestris) % iz & A [FJETE, Dendrobium_GLEAN_
10086877 #1 Dendrobium_GLEAN_10107406 57K
AL IF [ ABCB4 SR Bk 04 A [FIJR P . LR I
AtABCB4 N A REKEMAMIBEL, WSS
THEKRRMEEHE.

B A — L% e T 12 > ABCC FiREH,
45 3 My T i#i2E A (Dendrobium GLEAN_
10095542; Dendrobium GLEAN_10040589; Dendrobium
GLEAN_10107384). 4 ¥4 FHIaE A 3NN
PR A 24 3/4 iy TR HEH. KMWEAE
1601 M AR, A/NE Y 247 MR BER .
X 5K REF ) ABCC3. ABCC8. ABCCIO0.
ABCC13. ABCCl4. ABCI15 DL M= H1f) ABCC2 f5
Y8 M . CL ANl 57 A Y8 25 (1 AtABCC2. AtABCC10
fe 5 R B RN AR E H . A2 ABCC KiEE A FE
LM 25455 E (multidrug resistance associated
protein, MRP), 7EfE#)H, ABCC &1+ %S 541
PR EEVE FH L b2 2 AR A 1032 i DA R - IdE 1
LR

BRI A R B 34 ABCD W R 1, b 2
/NMEH (Dendrobium_GLEAN_10017830; Dendrobium
GLEAN_10092249) 5 = Fluf % J& ] ABCD2 X Rix
Z (7 5L 2 5N 72% A1 75%) . 1] Dendrobium _
GLEAN_10130787 4wt #) ABCD #%iz 8 15 /K55
Tk, MER ABCD1 K& %L, M I+ AtABCD1
2l A A P R SR 43 DA AT SR AL SR
2B BRAE IR BT L2, ALABCDL RN R 5, &%
Bt T AN R o A B WA 5 R, Bk Y
AR 3 4~ ABCD K5 8 H 2 5E o 75 40 I % F1 45
Fidk b, AR R AR ST AtABCDL [ ZhRE,
Rt — B9t

BRI AR S E T 9 4 ABCF X%
B, MERIEIFAKREE R AT 5 5%e T 514
W R, YT ABCF & [ — I I 45 #y 3,
(TMD), &A M4 NBD X3, 2k At ABCF Kk
B A [FRE EE IXRE B4R A5 . Blastp 20T 2k J A it
ABCF HH 5/KHE. =R =28 ABCF5. LR IF
ABCF4 fEER A IRy S A . SR, H Al
AR ABCF E I IIRE AN 2.

ABCG E|AXRGRAMY ABC HizE (i K
MV 5K TR, AR I FKAE 2l B 44 e 51 AN
o FERR R AR R B 37 MNMZ R, Hod 14 4
HANZ AW 2z A (the pleiotropic drug
resistance family, PDR) . 23 ™ 4 4 & 0 JL i 0 R 5%
IZH H (the eye pigment precursor transporter, EPP) .
Blastp Lt xS 73 472 B X 26 85 (1 5 7K e ABCG49. U
7F AtABCG32. AtABCG19. AtABCG11 4 A [
Pk, SAE T ABCGL19 m LIEHidE &R, N
5 DN T o T ) AR A e R A 1) B R
J5. ABCG11 Z 5 # 51 |7 5 i T 2043 1 5 s iy, R
ARES 5 T MR MR R E 8%, ABCG32 1E
s A R AR R T T R FEE EAE, i ABCG40
5 ABCG25 73 5|2 514t 75 2 (abscisic acid,
ABA) MW 54N, X T AEYIRGE . A R e R
B B EEAERPE, 56T ABCG & Azt
Mgz, MOHREERYSERE. REMAREZ
e W iEm WAERB =MW #Ii A AREE
AW e DA AR S A BAE T B A AR .

R AR 4 A ABCI B 35 5 I 45 i3k, 1Y
A LMK RS G a3, A VRV LB o i Bom
H 522 RHig 2 & ABCIL9 Al ABCI20 5 45 = 11 7 51l A
B, LT A T T RE 2 5 1 R B T AN (1 SR L
PERS IR #4is (TCDB 3.A.1.11.1).
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4 ABC ¥EZEHEKKEARMTFEHELRANPH
FKIBERK

BT RNA-Seq ¥ 445, B 7o #rit 88 4
ABC iz & FERE B A i1 AN R B B B (R
RFIFNCO, WK 2 AL 32 A2, 4 2% A3; It
AERR 2 9% S1, 34 S2, 4 2% S3) [ ZEFRIE ST
Kl 2 Fros. 15, XU SRR A bR+ o B At
AR R R AR BOA A AL AR ;. ok, ABC %
BEASTFIRA Z R RIEBEN, 85 %R S
A G AE T B AR R AR B B E AR ik . B
14/~ ABCG %1 (Dendrobium_GLEAN_10058167;
Dendrobium_GLEAN_10041679; Dendrobium GLEAN_
10037982; Dendrobium_GLEAN_10028239) #il
2/~ ABCB % 1 (Dendrobium_GLEAN_10086877;
Dendrobium_GLEAN_10038800) 7 Ff ¢ b 1 4L A4
HY AR AR B (W 240, PG, Wik E3h) A
XPARHRKM T, WEINZER BEKIE, mHAELE
R 34 (JRERZETE ) IKIHFREERIE, REREE
WA SN BE, BTG R R S B RSB B, X
SO B RIS AN B o 7R TG A AN SR AE B R R R IA

B 3 NE AL ABCC (Dendrobium GLEAN

10109493) #11 ABCG (Dendrobium GLEAN_10058167;
Dendrobium _GLEAN_10041679) % i, AHELA
B R (R, 31X 3 AN 1 4 i ik DRI AE P 1 1 R JE Bl
BRE#RILN (fold change > 100), £ TRt 5
B ABHOM T ESRE. X 3 MEASZHEY
ABCC14. ABCG23. ABCG6 B % = & H 7 H1 [H
P, BbAk, 14~ ABCF # [ (Dendrobium_GLEAN_
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10040821) £ 76 B i K I AR B e S BRI, H
FEAEAH R G i e A B e B RS, TR A8 J 3
KEW B, Rt BENZER LRERE. TRl K%
PETF BRI B (WK % 2~34%), 3/~ ABCB
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Figure2 Differentia expression of ABC transporters at adjacent
development stage during asymbioticor symbiotic germination of

D. officinale. The codes on the right are the gene ID numbers
of the 88 ABC transporters in D. officinale. Heat map was
conducted on a log2 fold change. Red indicates the up-regulated

gene; green indicates the down-regulated gene; black represents
no significant expression change; grey represents missing data.

CO represents ungerminated seed; Al, A2, and A3 represent
developmental stage 2, stage 3, and stage 4 in asymbiotic germi-

nation, and S1, S2, and S3 represent stage 2, stage 3, and stage 4
in symbiotic germination, respectively
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Figure 3 Expression profiles of 88 ABC transporters between
asymbioitic and symbiotic germination of D. officinale seeds.
The codes on the right are the gene ID numbers of the 88 ABC
transporters in D. officinale. Heat map wasconducted on a log2
fold change. Red indicates the up-regulated gene; green indicates
the down-regulated gene; black represents no significant expres-
sion change. A1, A2 and A3 represent developmental stage 2,
stage 3 and stage 4 in asymbiotic germination, and S1, S2 and S3
represent stage 2, stage 3 and stage 4 in symbiotic germination
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Figure 4 Expression patterns of ABCG and ABCB transporters genes using gPCR analysis.  Stage O represents ungerminated seed;
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