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Verification and characterization of circRNAs in two holophilic archaea

LUO Wengi, WANG Xiaolin, YANG Yan, SHAN Ge, CHEN Liang
(Department of Life Science and Medicine , University of Science and Technology of China ,Hefei 230027, China)
Abstract: Circular RNA (circRNA) is a special type of RNA, which forms covalent-closed continuous loop
in most cases through 5’ to 3’ ends via back-splicing. CircRNAs demonstrate a certain degree of
conservation and show some tissue specificity in multicellular animals. Archaea is one of the three domains
of life, and archaeal organisms often live in high temperature, high salt, low oxygen, or other extreme
environments. Study of archaea is an essential part of evolutionary research. So far, there have been no
systematic studies on the identification and functional characterization of archaeal circRNAs. In this study,
two halophilic archaea Halo ferax mediterranei and Haloarcula hispanica were investigated. Through
RNA-seq and bioinformatics, the existence of some circRNAs in two halophilic archaea were confirmed and
the relevant characteristics of circRNAs were analyzed in depth. Furthermore, the existence of specific

circRNAs in two halophilic archaea was confirmed by means of molecular biology. 67 circRNAs in the
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Haloferax mediterranei and 133 circRNAs in the Haloarcula hispanica were detected. CircRNAs in the

two halophilic archaea were found to have derived mainly from sequences of 16S rRNA, 23S rRNA, 16S

rRNA-23S rRNA, and protein-coding genes.

Key words: Halo ferax mediterranei ; Haloarcula hispanica ;circRNA; RNA-seq
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WIE RNA (cireRNA) J& — & 3L 4 1] 35 H T
polyA J& Ay IE 4 i RNA, 5 776 1976 4F &K B F
RNA G #E . 1979 48 15 UCIE B A4 1) 2 BN
PEPE RNA 895 7= 9 R JF 16 AU R B AT 2 B
BB BRI =0 B RNA T (RNA-seq) AR
FA P05 22 1 & T WF 98 N B3 A S [) 40 o ) 4 i
LR AU 2 g Y T R Y cireRNA, W5 78 T
circRNA FE 4 i (K & A & & B B FAS [A] Az BHOR 25
TR EhARBERS ., BHETE LUE S cireRNA /3]
AE F 2 A miRNA W40, 8 5 5% 5%, 40 M ) {5 2%
BOREE R R BT R R RNA 255
HAAHEAE %D T R ZH5 IR circRNA 15
517 Z MR S A MUK SRR WS R cireRNA A
REAE 2 Bl NS5 v ke 25 0 B2 4 T

T 5 AR A AR O 50 O A= A AR B =
R AR i U A TN Ry by R 2 A R Y — A S
PN 7 LT - T N TP )
tRNA rRNA 5B 40 M4 & AR 250, Bl |
RSB SN I i Rt SV I i € 7 e ) O Ol S 2
VT FLAZ AW 4R 22 B0 T — AR T T R e el
o R S B PREE b X o 2R T PR B AR R 3K B W) B A
I AR DR 2 L i ARIE 9 ot 40 % T 0 4 o ik A= i S
U5 UL B ) o Ak AT B B 2 S AR Rl
Qe k5 JAZ AW g R BA H LAY DNA 2, X
L6 DNA fEZ [\ 1) EAEE 2 0 TR Ay Rk B A
HELAAE T L PR TR A AR AR X BT B BT DA TR AT AR R
WF 5T 5 Oh 52 25 1) LA A0 L R 031 e N 2R A D A K
i DNA B4R R R ar g,

EdE P, circRNA BRTE M EEHFELET
tRNA #1 rRNA W& LLRAE R (RNA 0T Ao ]
PRAFAED O i B 260 B R B 9 F E RS R
BHA Y=g # ., £t B Haloferax
volcanii . tRNA™ HIE N & F LAY C/D box
RNA, 0] LLFE Sl (RNA™ (955 34 A1 39 MR HF
R (1) 4k 2 16 D01 AE ) i B (Euryarchaeota ) Fil

SR (Crenarchaeota) Wi Fp il B v, € HIF 55 4 DA
rRNA Ji T[] (08 047 76 19 3B 23S rRNA A
16S rRNAM ki H A6k T B cireRNA ) 5F
FEMRIRAR D 0 HE L S W TE TN RE T AN T 4E.

I E SR (Halo ferax mediterranei ) #1714
PEF IR &R (Haloarcula hispanica) 52 Wi Fh i di g
AR AT E 258 BT X5 H 4 35 PR 2H Y
P AFRA G E RS E RIS T 5 A
% HE W ALY 22 52 TR A L AR IR A2 T R A B PR IR A
PR G X — 5 WG R T B cireRNA 1Y)
ENL AR M E R I RER AT BE 5 E A R Y
circRNA FHAL, AT A/E S AT 8 A% 2B W) circRNA
AR T ) SR T . L v s T R TR Y BIE F k8 R A X
oy TR H BT AR A KT H cireRNA WYHIE . B
PLFRATT 3 6 © T4 0 A SCR BIF 58 X6 . AT A
RNA-seq %K , % b v g & 5 B A5 BF 28 3 &
23t RNase R {H b/ K H LY total RNA # 47 ]
Fr. 85 G A WAE B Ok o B R A 9 T PR T R
cireRNA FF 5, IF F) I 23 A5 W) o T B, B0 Gk o o0
circRNAs W) ££ 16, A& CAE M o 0 8 b 8 X
circRNA #F 17 % & F1 ¢ 4E 43 A, 97 K 17 FR AT X
circRNA 7EA R A b 8 I A SE & T cireRNA
F 5% S 5.

1 #BFTTE

1.1 ##

DA Pl S R A g 35 SR M g SR R (Halo ferax
mediterranei CGMCCI1. 3716), Vi ¥F 7F #h & i
(Haloarcula hispanica CGMCCL. 2049) , ¥ F
ik A W o e O G O, PR 2SR O AS-168 1 AR
LT 37 CHERES 3.

F L F] . TRIzol (Invitrogen) . Yeast extract,
Casamino acids, FeCl, , NaCl, MgSO, « 7H,0, KCI,
Agar ,RNase R(Lucigen).

1.2 RNA KR

o RAE R b i L L PSP S SR TR AS-

168 [l {4 Ao 3 77 A rh RIS 05, i 2 d SR LR e
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BEBE IR, PEBUEE 2 20 mL AS-168 WAKKE FR 3L,
37 °C,200 r/min §53£ 2 d J5, LA 1+ 20 % % 100 mL
WAREE FR R rp I K8 3% 2 d X80, B 10 mL B
W3 WA B O W W AR, BT PBS THE 2 . &
O % %, N A GE B TRIzol (Invitrogen) , fi 4
RNA. B 1 pL RNA #4,80 ‘CZEE 10 min, # 47
FHEE RNA 7B M B ik, &l RNA BTt ; B 1 pl
RNA FE & A I vk B2 K OD260/0D280.
1.3 EFE 4 DNA(gDNA) By iR

AT A 55 35 55 1 Pk UMb v g B L VS R A
BHEMEEZE 20 mL AS-168 ik F 3,37 °C
PR PR B 55 2 %0800 L B 10 mL B, 250 M4 T A,
PBS %%k 2 ¥k A TrissEDTA 2% ik, — 20 °C 30
min J5 AR ER, B B E G W EE. Z )5 mA 1 pL
FEAM K,56 CiHAk 3 h, in A& 055, 7850 1R
AL, #E 2 min, 12000 g, B0 10 min. JIIA B & 7
AR 2 o, H o A SRR RS N — 20 C L
¥ 1 h,12000 g, &> 15 min, 245 B3 A 50 pL
ddH, O, 15 %] gDNA. H 1 pL & 9 H s & K&
OD260/0D280.
1.4 RNase R JE{t

] 5 pg total RNA FE& A 0.3 pL RNase
R.5 pL. RNase R buffer, /K455 2 50 pL, F 37
CIH4k 40 min, il A 500 mL TRIzol #l1# RNA. H
1 L RNA K5 21T RNA 725 P 5 e H bk, #6 I
RNA i ;5 B 1 pL RNA KE &, A6 0 5 ok BF &
0OD260/0D280.
1.5 RT-PCR

HUEE R RNase R JH b/ R H L) total RNA,
A ABScript 11 ¢cDNA & B F & (Abclonal) #E17
Je bt S R R N5 pl RNA, 2 pl. Random
Primer,1 pL. 10 mmol/L dNTPs,80 “C 5min; 5 /il
A 10 pL ABScript II Reaction Mix (2X) ,2 pL
ABScript I Enzyme Mix (10X) IR4), REEFEF X
25 °C,5 min,42 ‘C,1 h;80 C.5 min. DL &K F
RNase R I fb/ R A cDNA, FEK 4 DNA i
M, A divergent/convergent 5| #) # 17 PCR, % -
circRNA By FTE.
1.6 RNA lE

MAE SR I total RNA J5 8 H o g, —
2 RNase R RIELALFE total RNA #E 5, —4H A

RNase R {H LA B total RNA B . 2 J5 9 4 B
il g R & A B RNA K BR rRNA K & 4
mRNA Ak 4 % RNA. Fl A B 28 oh i, #%
mRNA FAES 5 RNA Jr BAL il J8 A Be (25 200~
700 bp) AR5 LAAL B o AR O B AL S SRAK G
Yy U —BE cDNA.L IMAZE i . ANTP, RNase H
Ml DNA B & W 1 & W% = &% 5 cDNA. H
QIAquick PCR $ Bk 5 & 4i L W EE cDNA. 2R J5
FH T A i 8 i K 0 PP A7 42 % 45 2 v B ARSI
UNG R W g - N4 5 Ak i) Jie 26 B il 58 — 2R Bk v
B Ik BN AR B e L Uk 2l Ak Il i PCR W 46, SCE
FEER A T i Hluma HiSeqTM 4000 4% HE 47 i)
J 53 AT XoF T e e 0 AR AR I ) SR ] £
& AP PE A 3 S Y RNaseR H AL AR IH b
B RNA #5708 5 W FH F lllumina GAllx &4
AT 150 nt X W P, % 1 B2 AE 42 R 58
D5
1.7 EMERESH

Hby e B ROV B Eh S T Y 2 5 B 2
NCBI % A 20 W u4 Chttps://www. ncbi. nlm. nih.
gov) T 7. JEFRE T 50 nt AYEE B (reads) , H AT Y
reads BIEE L find_circ" F I circRNA. 556, &
IR reads 5225 5L A Looxd, f 5 5L R 4 7% 42 H
SEREH L XS Y reads & F5 R WH AR Y reads
o AT i 43 ) HE B 20 nt, A —XF anchor . K
Hoor 5 22 Je D S R AT Lo ), 1 5 B AT 7E ik R 4H
A7 B DA 2 5 1] B XS B ) anchor FilR & S IE
RNA 8] s f%J5 , ¥ & anchor f HL T DL 34~ 152 BE
5ZHIEF AL M GU/AG 82 39 U1 .
1.8 CircRNA KI&1E

AR A W15 B 2% T Boxhill e 45 SR k47 45
BT 4 BT A5 circRNA J3 81 LG 210 AR By B8 19 255 PR 21
L B RE cireRNAJF 91 (4 32 45 67 45 R0 28 1k 067 55, 15
S A 0 7 5 v B BE B E 5 A 0 B0 b o R A
KB —LE circRNA #EAT 5 IE. 4 40 H pg 20 1% 422 1X 5k
(junction) # i1 divergent/convergent 5| #™¢, DU
RNase R I L AR TH LAY total RNA 46 5% Y
cDNA F13EH 41 DNA (gDNA) F AR 17 PCR, 5
UEIX A FEA h cireRNA B AFLE. A SCHT H 51 4 n
1R,
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Tab.1 The primers used in this study
primers sequences(57-37) purpose archaea
circ26-di-f GGAGTTGTTCGTGATCGTC Divergent primers for RT-PCR detection
circ26-di-r GCGATATCCCGATCGTCACG of circ28 incDNA or genomic DNA(gDNA)
circ48-di-f CACTTAATCCACACTTTGGG Divergent primers for RT-PCR detection
circ48-di-r TACTGCATGGACGGAAGTAC of circ48 incDNA or genomic DNA(gDNA)

circ53-di-f
circ53-di-r
circ157-di-f
circ157-di-r
circ183-di-f
circ183-di-r

circ9-di-{
cire9-di-r
circ56-di-f
cire56-di-r
circ135-di-f
circ135-di-r
circ156-di-{
circ156-di-r
circ161-di-{
circ161-di-r

circ26-con-{
circ26-con-r
circ48-con-f
circ48-con-r
circ53-con-{
circb3-con-r
circ157-con-{
circl57-con-r
circ183-con-f

circ183-con-r

circ9-con-f
circ9-con-r
circ56-con-f
circ56-con-r
circ135-con-f
circl35-con-r
circ156-con-f
circ156-con-r
circ161-con-f

circl61-con-r

AGGCATAGGGAAACCGATA
TCGAGCCTTCCGGTCCCAA
ACGGACCACCGATGGCGAAA
CTTATCGCACTTGCGTGCAG
ATCACTTGAGCTGCCGGTAT
AAATCCGCCAGCTCAACTG
TACCTTCGGAAGAAGGGATG
AGCATCGTTTACAGCTAGGAC
CTCTTAAGGTAGCGTAGTAC
CTATCGCACTGTCGTGCAGT
GAAGAAGGGATGCCTGCTCC
CCTGCGGCCATGTCGGTTT
TGAGGGACGAAAGCTAGGGT
TTGTCTCAGATACCGTCTCC
CGAGACGTTCGTCTGCTCGG
AAGGTGAAGCGGCTCTCGG
AGGAGGTCGCCGAGGGTCG
AACGCACAGTTCATCAAGCAA
CATGATTTTCGTTGCTGCAC
CTTGTGCACCGTGAGGGA
ACGAGCGAGACCCGCACTTC
CGATCAAGTTTAGGAGATTA
AATAAGAGCTGGGCAAGACC
GGTTCGAGACCCTAGCTTTC
GCCTTCCGGTCCCAAGCCAC
TCGAGGAATAAGAGCTGGGC
GATGAAGGACGTGCCAAGCT
GCTTCGGTTTGGGCTGTATC
TTCTAGTTGCCAGCAATACC
ACTACCGAATCCAGCTTCA
ACACCTGTCAAACTCCAAAC
TCTTAGAGGGTAGCTGCTTC
TTACACTGCACGACAGTGCG
ACAGTTTCCGCTGGACGCCG
GGAACAGACGGACTACACCG
GTCGATGCCGCGGTCAGCGG

Divergent primers for RT-PCR detection
of circ53 incDNA or genomic DNA(gDNA)
Divergent primers for RT-PCR detection
of circ157 incDNA or genomic DNA(gDNA)
Divergent primers for RT-PCR detection
of circ157 incDNA or genomic DNA(gDNA)

Divergent primers for RT-PCR detection
of circ9 incDNA or genomic DNA(gDNA)
Divergent primers for RT-PCR detection
of circ56 incDNA or genomic DNA(gDNA)
Divergent primers for RT-PCR detection
of circ135 incDNA or genomic DNA(gDNA)
Divergent primers for RT-PCR detection
of circ156 incDNA or genomic DNA(gDNA)
Divergent primers for RT-PCR detection
of circ161 incDNA or genomic DNA(gDNA)

Convergent primers for RT-PCR detection
of circ48 incDNA or gDNA
Convergent primers for RT-PCR detection
of circ48 incDNA or gDNA
Convergent primers for RT-PCR detection
of circ53 incDNA or gDNA
Convergentprimers for RT-PCR detection
of circl157 incDNA or gDNA
Convergent primers for RT-PCR detection
of circ183incDNA or gDNA

Convergent primers for RT-PCR detection
of circ9 incDNA or gDNA
Convergent primers for RT-PCR detection
of circ56 incDNA or gDNA
Convergent primers for RT-PCR detection
of circ135 incDNA or gDNA
Convergent primers for RT-PCR detection
of circ156 incDNA or gDNA
Convergent primers for RT-PCR detection
of circl61 incDNA or gDNA

H . mediterranei

H. hispanica

H . mediterranei

H. hispanica
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2 ERE5SMH

2.1 BEHEEHRSAREE circRNA

ZHIA I IE , 7 Sul folobus solfataricus P2
BB B AL T D A1 Sul folobus acidocaldarius (W TR
REHE D P cireRNA f27E T rRNA R F 4 i1 X
WU R B AE b & 4 cireRNA WA % F B Z —.
RNase R W LA7E 375"y 77 1] b AR RNA 43
FooH 5 4R B cireRNA 4 T FI 3 26 25 4y 4k
RNAMY S 7 4R 45 3 P9 b s 18 b ol 78 O g A A5
BE B circRNA £ ¥5, 347 % B RNase R X} total
RNA #4743, % 28 8 RNase R 14 4k F1 2K 1 4k A4k
FERY RNA AR &I Ry, Lo B0 o 20 $ 30 3115 i 4 1
circRNA %4, Hrp s rp i w8 Wb A 5870 1
circRNA SEJEF rRNA X3, ) F 42% 19 circRNA
KU TAE rRNA XL 1¢a)) , 75 9L 4 & 3 o
A 810K circRNA R IH T rRNA X Ik, F T 19%
() circRNA KI5 F3E rRNA X3k (W& 1(bh)). X
— gt W 5TE Sul folobus solfataricus P2 (BiBE A" i
AL F Sul folobus acidocaldarius (W8 1R W 4ty
B & B cireRNA 9 3k W5 A 212, 35 2% I8 T
rRNA FIE P45 Y e RNase R AL FIR
AL AL PR RNA-seq 1 cireRNA,, AT 54 E W
AN B0 T AR B cireRNA . 5 288 22 0] A5
Wy 67 AL E R E A circRNAs Al 133 4>
PUBEF Eh &R 1Y circRNAs.
2.2 FEEHE circRNA KR H MK

TEEAZ AN, cireRNA REFB 432k T 5 A 4
R H S X TR R IE R B circRNA 783
AL 2 v ) A T 2 0 R AT R I 381 ) A b T R AT
PEHEA SR G Tl h BA B AR LAY cireRNA 78 5
PRI Hp 09 20 AT B OO E AT IH 9. 25 2R o, b ifg i 3
W 67 4> cireRNAs EZAFGAE 16S rRNA, 23S
rRNAL# 16S rRNA-23S rRNA X A K % 1 %i 5%
X, H A 40% 5045 F 16S rRNA [ A 25% 404
FE A X LE 1)), 5F# MK IR AL, 7Y
PEA R R WY 133 AR ATE B cireRNAs E 273
5 7 16S rRNA, 23S rRNA, # 16S rRNA-23S
rRNA X DL K 85 4 05 X, {H 55 2 43 1 42 5 16S
rRNA-238 rRNA X 38, & &8 49% (LA 1
(b)), BB ZE N B H circRNA EZRFE TR EH
rRNA X B, X 5 2 5 ik 8 o 0 78 |
circRNA (1 34 I 41 i f 5% 45 S — 3.

Haloferax mediterranei circRNA

m 16S rRNA

m 23S rRNA
16S rRNA-23S rRNA
protein coding gene

w others

(a)

Haloarcula hispanica circRNA

= 16S rRNA
= 23S rRNA
16S rRNA-23S rRNA

protein coding gene

m Bobeny

(®)
E1 #hEERE AUTEEES
B Al {5 B circRNA B3R 28 /&
Fig. 1 The composition of circRNA of high-reliability circRNA

in Halo ferax mediterranei and Haloarcula hispanica

2.3 FEEHHE P circRNA B BEE N

HZAEY T, K= circRNA E0M T & H s
X, 5 ZEAH M cireRNA A DL A #28 H A 35 H 9 5%
SO FRATT )RR AR 2R T K g R P AR A
) circeRNA M9 I e 2 . 72 b i s $h il b A
14 4~ circRNAs N EE B WM X, 5 858
250 EVEBE T SR & P A 20 4 cireRNAs E i
TEE R X, 5 BB 15% CnE 1 R, XUl
B circRNAs 7E LA WA 5 P AU 7E rRNA FI
tRNA IR, 78 4 5 X b A7 7 R R I 42

R A PR g R R R 2 L, B 2
AN SR R T G R R Sl T T Y
BRI 2 i 1 7 0 2 oy TR 2B A AT — R I TS B
JIT 0 B By TR R ) IR O U A i ST B R
DNA F Bt AHXT T Gy a4, Bokr 485 41 870 1Y 38t 4% 15
B, JF Bl ot A T A B i i 2 AT 40 i TRl
i

MW E WA 1 AR ak, 3 D RER
(pHM100, pHM300, pHM500) , H 1 pHM300 J&i
B AT 287 DNTFFRL B AE 2 1 A tRNAS JEH.
K DNA Z il G4 5 B G B, UL 5 5 7%
T KAy Fas i AR AR A Ay R AT RN 67
A circRNAs 1, F 98. 5% W E L fE e 4K |, 1E
pHM300 i ki & HA 1 4,1 pHM100, pHM500
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WA BB 3% A A 3] circRNA (IR 2 FR). L cireRNAs A 3 4>, W7 pHH406 Bk b Jf %
PUPEA G WA 2 R, 1 A ERAK, 1 A F cireRNAIIZE 2 i),
Se/NYE AR, T AR (pHH406) . Hod g 47 5] 32 e 3150 A W 3 8 £ Tl TR cireRNA 72 4R (1 32 247

a4k Y circRNAs A 130 4~ 5 97. 7% . /NGy fa fk Yk
®2 hEEHE EEFHEER circRNA ER @& FHHH

Tab.2 CircRNA distribution on chromosomes in H. mediterranei and H. hispanica

archaea location circRNA percentage (%) reads percentage (%)
chromosome 66 98.5 93 98.9
plasmid: pHM100 0 0 0 0
H. mediterranei plasmid: pHM300 1 1.5 1 1.1
plasmid: pHMS500 0 0 0 0
total 67 100 94 100
""""""""""""""""""""""""""""""""""""""" Chromosome1 130 9.7 162 982
Chromosome 11 3 2.3 3 1.8
H. hispanica
plasmid: pHH406 0 0 0 0
total 133 100 165 100
2.4 FEEHE circRNA £ P (9 53 7 5 s —— FUCHS, 4 [7] — 3 4 _F 7= 4 11

AR AE AP cireRNA B9 AL cireRNA JE47 TR 4326, % — 7 el o % JE KT
FEH AR A L2 WA, cireRNA A8 F 1 K 150 bp WA RNA JFHI{E Bk X M E RNA
BEAD 5 FROA RO AR O TR IRATTHE P A R RS TR S N 1 1 e X O o e o 5 R N i
1) cireRNA (K BEHEAT TR MG H 90, 78 circRNA™ 40 & 3 Fr7x, AT LA overlap, same
WE I E WA A 67 4 cireRNAs A, H 16 4> end,same start,within, single 4~ 4 & R i A, IF
circRNAs K E/NTF 200 nt,F 17 4> circRNAs K JF KIE—FEH B circRNAs 2R A same start [
TE 200~400 nt Z [E], &7 T F] circRNA S 88— J7 L L T LA same end B9 772U Y 40 TS
N 2Ca) firzs) . 78 VY BEF £ & T v I 2] 1Y 133 B FEH B R I R 258 single B, [A] B 3R AT
A~ circRNAs 1,4 59 4 circRNAs K B 2000~ AEBF —Agmi N EAFEE 2 DKLU EW

5000 nt Z[a], 5 LAY 44 2% CANE 2(b) 7). circRNAs,
HTIEXS cireRNA S5 48 14 73 #r, Fe AT —
201 80+
< <
§ 154 CZ‘ 60 4
& g
5 &
S 104 5 40
8 5
£
E s £ 20
g 2
0- 0
Q Q Q S & 8 & Q \} L Q
A Q@ Q/@ Q&g & N S 45@ IS ng Q@ beb & f&@ ISP
Q N\ Q) N X Y y 7
DO N NS N \QQQ %Qe“
length of circRNA/nt length of circRNA/nt
(a) H. mediterranei (b) H. hispanica

B 2 circRNAs KES#H
Fig.2 The length of circRNAs
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601 W /. mediterranei
<« H. hispanica
Z
& 40
8=
3}

[
=]
_"E 20+
g
; L
=
oM 1
D QO
\r$Q & \‘b¢ »{(& Q}Q
< ot S} > &
R\ & <Q &
N (}'@ &
B &

3 E—%MA circRNA REEH
Fig.3 Categories of isoforms from one gene
2.5 FEEHE circRNA HIIE

KA find-circ™™ B 3L K cireRNA 23l 35 X
RNA-seq B4 Y junction reads 3 FI Wi i, Fr L1,
FATHBEFIWT circRNA 1Y junction {7 £ 75 & K 41
MIALE , I circRNA Y b5 126 1k 467 & T %
T circRNA # N #8 BAK 89 7 91, 5312 0 R 5¢ & ]
FE. BEAN TR T A 2D B TR reads TR IIUE S5
PO 3 5L PR 20 0P A S 1Y readss A1 T T A A%
e, 3% Al fig 2 5 Bod i s 5 I ok B £ RNA
WAHEHNE N circRNA.

PRI, S 1 B RS B M 3R ] cireRNA 9 £ 7E
FEATAE Hb v R RV BEF & T 25 BE AL 1 X
TORPETF 16S rRNA, 23S rRNA,L B 16S rRNA-23S
rRNA LUK 4B BB 5 A cireRNAs BEFT
ISAIE. MR HE HLAE B 4l | /9 P 21 A & junction 437
B, T divergent 1 convergent 3|4, UL Hh A i
B AR ML Eh & T Y RNase R AL/ R LT
total RNA J % 5% 72 )y BRI AT H2 3k, L gDNA
AR AT PCR R 12 IR 45 R Bos . 16 3 v i
WMV BEOF & b 8 T e b A Ve R
circRNAs (U1 4 () 7<) 235734 T 16S rRNA,
23S rRNA, # 16S rRNA-23S rRNA X I K& % [1 4
PP (s 3 Fir ) i — 2R B 1 b 3k I e 4l
PLK Gy B B vl S k. JR AT 28 T b i e AR
BATPYHESF 8 & W P B A cireRNA B 7
Fe A B T 2 ) ek T BE A BIF 58 Cn & 4 (b) Jir
).

H. mediterranei circRNA
total RNA RNase R DNA

s

H. hispanica circRNA
total RNA RNase R DNA

cire135 [
circ156 |

(2

H. mediterranei circ 53

CGTTCGGACACCTTAGAACTACTAGGG

Wl

H. hispanica circ 9

TTTCACCCGACCTGGTGCATCTGT

gl

junction site

junction site

Ca) 3l v 963 55 35 W8 1 79 B 5F 8 & B P SR IE circRNA; Total RNA |
RNase R # L 19 RNA, gDNA 2 £t 2 JSE 4l #47 RT-PCR, RT-
PCR " 3 25 5, DA divergent (¥ X 15 5 3k) b 5l ¥y, vl ¥ 4%
circRNA; Pk convergent (3k XF 3k #F sk by 51 4, W] & 9 28 1 M
circRNA. (b)Hly i i & £h 1 cire53 FIVGHEF 35 &1 circd W )%
B M5 B ik A7 B A junction . (o) X 75 7k A divergent

519, kX 3k B kM convergent 5| ¥, ¥ 0 [ Bl R RNA BLAR,

WAL FR TR RT-PCR 7=4.

4 RT-PCREIEMPBEHE FAYMFEIE A circRNA
Fig.4 Verification of circRNAs by RT-PCR in

H. mediterranei and H. hispanica
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®3 RT-PCRBIEMPEEHE EYTHIEH circRNAs
Tab.3 Verification of circRNAs by RT-PCR in H. mediterranei and H. hispanica
archaea location circRNA class circle start circle end
circ26 HFX-RS14005 2764334 2764905
circd8 23S rRNA 2838409 2838708
H. mediterranei chromosome circ53 16S rRNA-23S rRNA 1746408 1748503
circl57 16S rRNA 2841000 2841330
circ183 16S rRNA 2841019 2841299
''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' cird) 165 rRNA-23S rRNA 213847 216847
circ56 16S rRNA-23S rRNA 213477 217043
H. hispanica Chromosome 1 circl35 23S rRNA 215685 216847
circl56 16S rRNA 213406 213923
circl61 HAH-RS09825 1962080 1962206
3 i 1T RT-PCRLEIE T iX #£ circRNAs (A7 7E. HHE T

circRNA H | & & 15 2 4> ¥ M v §5 % 3L A bF
FCEEEAEY R CEH 2 T ZMAFM circRNA
B B B N0l NS0T R e g
oo L S ORI R Y S 2 A W R, i Ab
cireRNA it A BEAL AR <7 P 91 o A 457 S A%
circRNAs 7] LAB g 2]/ By B 1, b 69 S
TR B4 B ) B 482407 4557, cireRNA 36 B A 41 8155
Sk /N B A Rmsh A KIhI2 9 cireRNA 78
R0 v g 2R 3K T A TR E R T R 2R A0 SR v
circ-Mbl K 7E P 5L i IK 3L 307 AR 2
AR T —F B & cirRNA-EIiRNAM, Hi id 5
Ul snRNP AHEAE AT #2256 A P i e . H
HIXS cireRNA B9 3 B4R v 76 A% AR ) 408K, T
X cireRNA BYAIFFE R X8 o B A 18 AL 9
SRS EZAYE R, BT UBESE O E
cireRNALBEY K T % circRNA TE A [a] 4 Ff 4 8% 11
N AT FAZ AR B cireRNA 4776 X g Y
WHoE A 1T TR RGR YT FE. TR Z 0 A Xl
circRNA By 58 v, 76 W8 M &5 W o 18 (Sul folobus
solfataricu) F Vg ¥k B LE #F & ( Pyrodictium
abyssOBAFEE P EZI T circRNA, H FE =4 F
RNA™ N & F AL, IF HE &80 € 7K 8
junction ¥ g%,

AT i & ER B P A I F] 67 4> circRNAs,
TEVHBE S £ & T h A 3 133 4> circRNAs. FATTTE
KPR PR T B 5 A cireRNA B

ZHIAE Al B R BB cireRNA 2R T
rRNA B (RNAYS, JoATT e Pl g 8 oty 1 b 2 B T
KR T H A M IERE F Y cireRNA. X — 2558, 5] i
XJ X circRNA & A5 40 ) B AZ 40—+ L 2 5 41
I B T 2/ iz =X s A 45 e B Y S AR 5 22 0 R F
GRS FRATTXE PR B P cireRNA FEG (@
L A <3 5 o N O [ I e~ S S I S = o )
circRNA W4T T Gt 43 0. K IAE L b i =
ERW T cireRNA F 2@ A T H G A0k 1, 78 FL BTk
(pHM300) F W Ar#E /D& circRNA. ZE TGP F £ &
B cireRNA 3 228 47 F H F 4 @k b, AF Ho/
et ik b EAL A7 2. 3%, i 7 HFOkE R 4G U
] cireRNA. X3 cireRNA 72 A4 1 35 % 437 8 78
ek b AR e A — 3 R A Y cireRNA
FE L same start 1Y 77 X8I 17 7 — A~ 2R H G 55
FH FEREIAATE 2 4 K UL FBY cireRNAS.

B 0 P AR 8 K i L ORI R A
H A E . FOR AW R YT A0 DNA BEAETE
CEX A HES O L R IDE S B
I NS A AR AR R A AR 1 3T B N
G5, o3 PR B0 R P U R B /IR AT
FE/ K B 2Rl RE S R IR IE 19 & A= e Ah Sl TR AR X
T ECAZ 0 M SR R DA TR AR A A TR R A
FEPBEIR I K A R T AR S IRATT T RALE A i B R
W AT cireRNA L AU T8 58 1 B 17 38t 4%
A HLA B B S, T HX TR A Y Dh6e, U
FORXT EAZ A WA WSS A B AR KRR s AE L A
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