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Detection and analysis of circRNA in tissue cultured seedlinog and

cultivated seedling of Dendrobium officinale
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(College of Life Sciences and Medicine, Zhejiang Sci-tech University, HangZhou 310018, China)

Abstract: In order to analyze the changes of circular RNA (circRNA) of Dendrobium officinale
between the tissue cultured seedlings and the cultivated seedlings with mycorrhiza, the experiment was
conducted to detect the circRNA of the tissue cultured seedlings and cultivated seedlings of D.of ficinale
by high-throughput sequencing method, and the differences between them were analyzed. The results
showed that 4115 groups of different circRNAs were detected in the four samples, of which 27 were
significantly different. In the experimental group, 17 were significantly up-regulated and 10 were
significantly down-regulated. A total of 99 sets of data were detected by GO enrichment analysis, of which
the most significant genes were nucleus. KEGG enrichment analysis found that differential circRNAs were
commonly enriched in 7 KEGG pathways and Butanoate metabolism and Mismatch repair had significant
differences. The above results can provide a reference for further research on the changes of circRNA
before and after the formation of mycorrhiza in D.of ficinale.
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WA AR Y IF 5 miRNA B %A B AR D
circRNA TEARY) v 22 B4 5 7 19 40 g 28 Y | 40 2
KE BBy FRIA A IF HAE AR AR 0 30 R0 AR
R, cireRNA #4724 22 vk gkt . fEdE4w)
38 26 F T o Ye A5 e Gl 55 75 0 K R AR AR & o
R E] 27 4> cireRNA 22 5 %35, Zuo 51 AE 8 T
FHABURI Y& 58 75 i 2R 52 vh 23 30l 8 5 Hh 36 /1> 163 A,
Gao 55" FEARTR MG T A A5 A rh S e 475 4,
Wang 25 e B K B 38 R 1 /N2 I B T 62 A4,
TE9G JE AR YA B 3 1] L cireRNA A 35 10 22 4k
Feik, B AT O B A A2 Y i 4R ST ek T 3R
ARV AR AR A RS R R 2 R AR W
circRNA, SR 7E B8 5 HL 16 45 5 6 iU AR 1Y == B A
fRB AR AT K cireRNA 22 5 R38R WARIE .

B 2 £ i)l ( Dendrobium officinale Kimura et
Migo) s —Fh 2 FI i (EAR & 19 = BHE . — A A
TP ARG s VE Ry —FhBR A 22 A ARSI B
fis— A AR 23 5 BB LR L IR U R 1 T AR A5 A
R B A ik S R I A P L AR A RE AR IBCE 3R L T
circRNA 7RI PR R A K & & vl 45 B 2 /E Y,
AR SC 2ok v 3 I Y S A AR R o A T B X R
A1 RS B R AR S TG T 2H B B B AT cireRNA &G
0 DAY S B A 5 L AR A i PR R EARE
R A MR A RE R R I LIRS %

1 #MR5FE

11 SR

7 B I 3 U 2L 450 0 — A A kA i 2 o
HHE M7 B 15 HOW W AR 7T R A 0 U
T TR 1 4 147 e 40 260 47 2 B 4 S S o
o LT T 2L 1 o B DA TR F o B R 5
o 4L AT

1.2 XBHE
L2 1 #dhrp rRNA £BR

ffi i Trizol ik (Invitrogen, CA, 3& [H ) £ B &
RNA, i RIN ¥t KX T 7. 0 Y Bioanalyzer 2100
Fl RNA 6000 Nano LabChip i 7] & (% %5 {8 . £ [E)
XT A RNA B f 2l B2 A7 0 . 20 10 pg 1Y
& RNA 5 bR # & RNA, 4lifkJ5 . /] RNase R 4
b1 h e H 0 P % RNA R B g
/N A 3 dE B mRNA-Seq K 5 # % i ) &
(IMlumina, 24 W 5 5 32 ) 19 $7E LR B 2L (1)
RNA F B 5z i s LA e 241 cDNA SCIE, JF 4
AR B K /N R 300 bp(£50 bp) Be % 2K i SC %
7€ Tllumina Hiseq 4000 F ¥E47 7 Be X 2K o i )
L2 2 EYIER¥

7 Tllumina Hiseq 4000 W45 J5 45 4l J5 o 4K
£ Cutadapt #1 FASTQC 2 B K i & B9 i3 4%
(Reads) #1323k , i 13 # 4 Tophat il Tophat-fusion
P EHE A B B KA L, IF R CIRCexplorer 7
I —DFEAR Y cireRNAL & FF R — 5% s 3R
ik, B Perl statistics psckage %42 circRNA (22
FRIK.

2 HERESH
2.1 FASTQC REE# M
AR SL B DL ZH 551 o0 6 R4, LA 3k B 1 M SE 8

2H X A4 AR HEAT I . W Y T b A s T
FASTQC Fifs (W3 1. 3R 1 RWAEARKM T H .
FE AR B R R BTE 9440 J7 ~9980 1 Z [A] .
BREBCRHTE 98 0120 L) 1, Q20 ¥7E 99. 84 % LU
1.Q30 ¥ 78 96. 80% LA I, H A i GC & = 7
41 0% ~42. 0%z a],GC & & IEH . UL E & dE %W
AR 45 e i ARG, AT PRS2 .

£ 1 FASTQC B &R

FE i MR MER/G O BARUEEU/T IEE/G AREEE/ N Qeo/% Q30/% GCE&=/%
X R 2H 1 9981 14. 97 9824 14. 74 98. 43 99. 84 96. 92 41. 0
XfHRZH 2 9753 14. 63 9558 14, 34 98 01 99. 85 97. 22 41. 5
S 1 9941 14. 91 9773 14. 66 98 31 99. 85 96. 84 42. 0
SIH 2 9447 14, 17 9281 13. 92 98, 25 99. 88 96. 83 42,0

22 SEEERMNEKESH
221 R Biic B LA

FH FASTQC £ BRAR BT & B9 B 80U -4 D FE il 1Y
JA R AR 6960 J1 ~ 8200 J7 Z JA] ., 45 ANk 2
BT~ . 3% 2 A0, ] tophat Fil tophat-fasion }#f H
VT TC 1) 42K 2 A fiph 356 DR 211, v 4 A 1) 5 [T T

Bi A 70, 43 % ~73. 82 %, VT B 21 5 KL A3 50 A9 1
RO 46, 21 Y0 ~48. 97 %%, DL TE 1) il A F5 PR B SR A L
FoN 23 53% ~25 49 % . DUC £ B [N A 2 50
Al AR 2 £ 5340 4 ASFES VEECE] DNA IE 5%
S0 B L B Bl 33 84% ~ 35, 74%., & W E
E5.
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x2 REEEZER

B A D JiE 3] J2 A iy U e 3] 2 5L R VE e 3] il A 55 VLR E] DNA IE PR3] DNA st
B/H B/ % B/ % [ESNE S g R Y AR/ % e/ %
X AR 1 6960 73. 82 48, 97 24. 85 35. 48 35. 74
Xt HE4H 2 7595 72. 34 48 81 23. 53 34. 73 35. 07
Se A 1 8200 70, 43 46. 21 24, 22 33. 84 34. 05
I 2 8102 72. 71 47. 21 25. 49 35. 10 35. 12

2. 2.2 DG C KL R SR HA R U8 4 BT

FERR R — B4 R AN F L AR R X,
7 UG fic 3] 2 55 [R5 %% (Unique mapped reads, UMR) Fl
VG e 2 A 25 IR #9332 %0 ( Multi mapped reads, MMR)
E— 25t Xt AT & B 4LRE S ) UMR F1 MMR 75
FEDRURUE Ty i B A 22 Sk S5 N SR 3 FER 4 R,
%2 3 N3 4 Wi Hrp UMR S JE A 5T X 38 6 1 )
58 08% ~ 63 68% ., MMR [ . f5i] & 56 43% ~
64. 37% , fE4M B F ok UE S, UMR 5 MMR JC ] i 2%
S AEGE R CZH 2RI v T S0 40 41 s UMR SR JE % 7 L
i 27. 21% ~31. 20% . MMR {4 L Ky 20. 83 % ~
25. 22% , FEN & FORIE J5 1l » UMR & T MMR, 52
0 2H W& 25 T 0 BE 2H s UMR SR 35 35 [ ) B 1X 1 1L 461
H 8 40% ~12 91% ., MMR (¥ L. i F 14. 80% ~
18 352, £ H A ] X SR 5 J7 17 » MMR # F UMR,
Xof HE 21 5 S 56 21 TG B g 25

#*3 LEISEFEHNERST

x4 LEDFEEEZHNKIESIT

FE i M/ % WEF/ % FEREX/ %
R 1 61. 78 21. 05 17. 17
AR 2 64. 37 20. 83 14. 80
S 1 56. 43 25. 22 18. 35
LU 2 59. 65 24, 05 16. 29

2.3 CircRNAKIBEZEMERDW

AR 5 38 I R 2RI A5 4115 AR R AYFRIR RNA,
MAEX 4115 IR RNA th A B E 22 R iy A 27 Ffh
([1og2FC|>1,H p<< Q 05), H¥ &4 5+, Hrh .17
B EROLE S 10 FEBETHLE 6,
FH22 5 I3k 6 I 7E & LAY 17 A circRNA,
6 FhE sk A DNA IE 4%, A8 %% 5t H DNA fit
BE LA B F AR Z AR circRNA3008, Ji1
TS R JE circRNA2827, #1 A 5 M40
F5M 10 Ff R 2 FIH A circRNA BR circRNA1270
SRRk A DNA IERESM Al 9 4S8 02 % 56 7 DNA

A ShEF/ % FF/%  HEREX/%

T A f08 , JLA YA SN BT OB £ 0 cireRNATT6,

X} R4 2 63. 31 27. 21 9. 48 WA 7 AM0E T HIRE cireRNAL379, 34 4 4-4h

SLH A 1 58 35 31. 20 10, 45

S 2 58. 08 29. 00 12. 91 T

x5 EELAK circRNA

circRNA % fi% Yoo Ik g BWIRALS ZaRfiS DNA#E AR F145 FE A 44 FR log2FC L/ T
circeRNA2567 NW_018262509. 1 221292 221740 — 2 LOC110093560 inf IR
circ(RNA2827 NW_018300769. 1 96604 97410 + 5 LOC110109905 inf 3
circeRNA2716 NW_018321052 1 381197 381461 - 2 LOC110093180 inf 3
circRNA2836 NW_018258747. 1 154057 162739 - 2 LOC110107129 inf F i
circRNA2940 NW_018290372 1 101028 101490 + 2 LOC110105758 inf A
cireRNA945 NW_01827460L 1 220584 220923 - 2 LOC110099297 5. 17 A
cireRNA2521 NW_018270372. 1 49730 50285 - 3 LOC110098101 inf A
cireRNA2709 NW_018256747. 1 477408 489271 — 2 LOC110102630 inf A
circ(RNA2912 NW_018298246. 1 28552 28936 — 2 LOCI110109647 inf 3
cireRNA2756 NW_018318886. 1 127529 128276 + 4 LOC110092112 inf 3
circ(RNAI301 NW_018282725. 1 146594 160369 - 3 LOC110102763 4. 25 iR
circRNAI20 NW_018320961. 1 91686 91977 + 2 LOC110092904 2. 67 iR
cireRNA3195 NW_018315962. 1 2329 3256 + 2 LOC110116255 inf A
cireRNA2646 NW_018278168 1 243952 244172 + 1 LOC110100946 inf iR
cireRNA676 NW_018277039. 1 470362 470672 - 2 LOC110100400 3. 74 iR
cireRNA3008 NW_018274601 1 442087 444118 — 7 LOC110099299 inf 3
circRNA3083 NW_018306256. 1 590973 591346 + 2 LOC110112620 inf 3

1 :1og2FC Bl A 3T B A5 40 (fold change) 95 50, 1% H 2 B L FE f T Y cireRNA B & 3498 H (S50 41 E 5T BE41) 5 inf R 3R

TR, TR,
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*6 EETEH circRNA

circRNA % fi% Y o K 4 5 AR s Zabkfr s DNA#E  AE TN eSS log2FC L3/ i
circRNA1379 NW_018260064. 1 546169 553467 — 4 LOC110110106 -inf T
circRNA1178 NW_018254202. 1 766428 766912 — 3 LOC110096707 —inf T
circRNA719 NW_018280475. 1 413976 414442 — 2 LOC110101691 —inf T
circRNA1175 NW_018292777. 1 105123 106217 — 1 LOC110106909 ~inf T
circRNA298 NW_018273632. 1 54585 55193 — 2 LOC110099184 —inf T
circRNA460 NW_018260106. 1 62568 63466 — 3 LOC110111746 ~inf T
circRNA351 NW_018279587. 1 428084 428336 — 2 LOC110101406 ~inf T
circRNA1060 NW_018256669. 1 3206 3665 — 2 LOC110099217 —inf T
circRNA776 NW_018274755. 1 433365 434992 — 7 LOC110099829 ~inf T
circRNA1270 NW_018295038. 1 378543 378812 + 2 LOC110108036 —inf T
2.4 =R circRNA BEAE S T BN LR
B HFE 22 57 cireRNA RS Q] 1 fos 2.0 :
EI B A0 R cireRNA EZFE S b ks I i 20 H . &
1 3RWYL7E 27 SHBA 10 35 22 5 1 cireRNA 1, FIR Y L5}
circRNA2709 Fl circRNA2046 7£ P > 55 36 40 i % 15 =
. N . S 1.0
EHEEB K, TR circRNALL78 7P X B4 /Y s
SIS SO o :
| I CcRNATIO E
CHANR, conunid v
I circRNA460 40 0.0- =
L circRNA1175 . \ , |
cireRNA3S | -3 0 3 6
1 e — T log2FC
GreNatzo. I 30 B2 £5 circRNA A WLE
1 circR\lAﬁT‘iO
. : Eﬁgzg“' 2.6 #=5 circRNA #J GO E&E R
circRNA2756
Cir 3 2 2 — A3 ]
Seaazes 2 GO B 44T 45 B i = ASHB ML 4 5 2
AR . s . .
GeRNAZESs % if # (Biological process, BP) , 4 g 41 % ( Cellular
circRNA2 10 o .
t::;ES%Z%E component, CC) Fl 43 F I fig (Molecular function,
circRNA2709 . . N S
SNGge MB) L FEAR R GO & 85T — LRI i 99 ZH%L
circRNA2567

S0 41 | ST 410 % R L1 X 42
B 1 £5 circRNA BRHE
2.5 #5 circRNA AL E 47
Pl log2FC MRS AL bR, LA ¢ K86 B ETER 56 —
logl0Cp) AR b o LA T A5 1) cireRNA SH Ji 16 55
i A5 B 22 5 cireRNA I (B 2), 7EE 2
log2FC>1 0 #RFEAE LI FIH, log2FC<1 0
KT, —loglo(p)>1 0 WAk W EAAH —ENEH
P, —loglo(p)>1 3 HHEA W EME R, Hr
AR AT HUE S50 R Y cireRNA 5 HUAE X |
ZH A MY cireRNA PR #5505 1Y) log2FC {A i i
1E 7 TC 55 K A e A ] 7R R G4 1] 2 R
F5ME 6., MWK 2 ] LLFE H A U 9T I A5 i
P FE S, cireRNA 39 8 & Pk 22 48 R 78 0. 5
LR D EBAE O 5~1. 3 Z 8], #3478 1.3 LA
b AR S A DR R FE SR A B A cireRNA
B A LT R B

P Hirh BP #8743 36 40, CC ¥ 4% 27 41, MF %54y 36
H. TEUL FEERT EROARE GO I AA B &M%
S FE L (S gene number) £ BP 4l e KAE N 2,43
o B W R 1k 3 [ (Protein phosphorylation) Fl 4=
Y3 #8 3E H (Biological _process) ; CC £ KAE M 7, Al #%
F P (Nucleus) ; MF £ KA{E N 4, B ATP 454 H#: A
(ATP binding) , HLAAR LN 3 iR,
2.7 Z=R circRNA B KEGG E&EH#r

N KEGG &85 (R 7 FIE 4), & I %
251 cireRNA k& £ 78 7 4 KEGG . 7 %
KEGG M. 6 2k L circRNA ) KEGG &
LI .1 20 R cireRNA B KEGG & S i,
i TR B BE AL 15 55 42 (Butanoate metabolism) 148 it
1555 @42 (Mismatch repair) B & % M 25 5, 1 B FR
WLEEA 36345 7% (Inositol phosphate metabolism) FlE g
B WL B f§ 5 % 4t (Phosphatidylinositol signaling
system) 2 S5 E/N
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protein import into nucleus,translocation -

resolution of meiotic recombination intermediates-
celltip growth

transcription initiation from RNA polymerase Il promoter-|
arginine catabolic process to glutamate-|
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protein phosphorylation

DNA topoisomerase activity -
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—
| E—
| —]
E—
m ATPase activity] I
P ._(iide%lt]iczi] prcitein Eingingf e
2 O R eeular function |  E—
zinc ion binding+{  E——
ATP binding4{ I
transcription factor TFIIIB complex- N
chloroplast{ N
cytosol{ I
integral component of membrane N
mitochondrion I
endoplasmic reticulum- NN
la an La 1q 111?.?1? If:;ﬁ S: |
P cytoplasm- I
nucleus _
0 2 4 6
S EBuA
At is 7o A LR
3 ZR cireRNABP GO EEH
K7 ZER circRNA KW KEGG E&E9 &R
i 1D Tt 24 FR circRNA % % /R p1E
ko00650 TR R R circRNA2827 FiA 0. 04
ko03430 FEICIE 2 & 12 circRNA1301 A 0. 05
k000250 WA . R AR AR R circRNA2827 ] 0. 06
ko03440 7] 95 8 4 i AR circRNA120 el 0. 09
ko00330 IR R 2R AR R circRNA1379 T 0. 09
ko00562 TR LA AR e A circRNAG676 S 0 12
ko04070 WISE S 25 circRNAG676 9 0. 13
1E 6960 J7 ~8200 J3 Z [l , 4% K B i 6 A R Bk
BB 5 R4 o —
HEERR . “ b) FE K A ik b DT P 3] 5L L CUMRD 19 [ 2%
p N - R
BEUBARBRE o 012 245 UG i 3 it 4 32 PR CMMIR) B 6 43 5 P 3 3 0k
Aﬁ N e A~ H X & b %
§ wmsen o WM JO A G R R T
— R UMR Fil MMR # 5h & SR U5, 41 55 1 4 it T K
’ 1z S H- y S -
B ‘R 0T UMR A MMR P8 7k 5 2085 2 5
it ft‘,i&f%ﬁ' . 0.04 IR F A E .
AER, RIT&HBmH Nt T K 4 = o
R B . c) 41 ﬁ%un LA I 4115 21N [R] B
Q‘é 5\"’@%\5{9 circRNA,FH B #2700 circRNA A 27 f, H o
ol A FEAHET T 17 ROl 3 13 10 B 5L O Xt
= . N 4 2= L SNl F
1 KEGG BEHS &5t 257 cireRNA #47 GO & 804, & PUAZ K i
F 2% S BB 2 5 X 22 5 cireRNA # 17 KEGG
3 & i AT A BT IR R AR A AR R A B S iR AR

A S Je g A R R BR KA AT T R
G TR 2H 8 v B 2 R AT 0 AT L AR DA 2
451

a) FEAR U Py rf o Bl DR R B i 7 9440
T3 ~9980 J7 2 ] » 2% B A o i 1 M L A R0 L
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