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Identification and evolution of HMGB1 homologous molecules of Clonorchis sinensis
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feng' .HE Yining' (1. Guangxi University of Chinese Medicine »Guangxi Key Laboratory of Translational Med-
icine for Treating High-Incidence Infectious Diseases with Integrative Medicine , Nanning 530200, China ;2. Depart-

ment of Parasitology sGuangxi Medical University)

Objective To identify the CDS and its protein sequences of the HMGBI1 homologous molecule from C.
sinensis »and to analyze its evolutionary features. Methods The C. sinensis adult derived cDNA was amplified by 5" and
3" race based on the predicted sequence of O. viverrine HMGBI and by PCR based on the predicted sequence of C. sinen-
sis HMGBI1 genome,respectively. The amplified products were clonally sequenced,and the sequences were compared for
homology and splicing,and their ORFs were analyzed,according to which the transcription was verified by PCR amplifica-
tion of cDNA derived from the adult worms. An evolutionary tree was constructed,and the identified HMGBI1 homolo-
gous molecules were subjected to evolutionary analysis.  Results Two C. sinensis HMGBI1 homologous protein CDS,
381 and 477 bp in size,were recognized,both of which were transcribed in C. sinensis adults with uniform products. Its
encoded proteins are presumed to be 127 and 159 amino acids,respectively,and its molecular sequence shares high homol-
ogy with schistosomes but low homology with humans and other vertebrates.  Conclusion The CDS sequences of the
HMGBI1 homologous protein from C. sinensis were successfully identified, which laid the foundation for investigating

their association and mechanism with hepatobiliary carcinogenesis.
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B8 975 R A 52 43 7 #8552 (pathogen-associated molecular
patterns, PAMPs) 1] 58 HA5 5 %2 1Y K AR o e i 1 =
AR AR 1CC iy R R R JRad f . 5 H iR
TS B BRI B HMGB1 R V8 2 F A9 A A 5
B A X EG 3R PR 2 0 4 R 0 T B BT A A PR 9
IR CDS FIR A, A 52 503 o Xf 48 52 52 W o ok Y5
) HMGBI [/ 57 B CDS 81 iR 5, I 1 8%
1 4 5% 77 51 o 9 23 B 03 5 HEAR AR

M5 7TE

1 #

1.1 A R kR & ARSI RO R R
A E AR, 23 2 HE A B 25T AR UM A Sample Pro-
tector for RNA/DNA i #] (TaKaRa) J§ F —80 C{#
.

1.2 &% # TaKaRa Ex Taq,pMD™19-T Vec-
tor Cloning Kit, E. coli DH5a Competent Cells Fl
PrimeScript™ 1st Strand ¢cDNA Synthesis Kit I§ {5
A TR (KRG BN | 5 TRIzol 35 A1l F 28 T4
YT L) A BR 2 7 FirstChoice® RLM-RACE
Kit 1§ B € [# Invitrogen 2\ A .

1.3 ZME  BE PCRX(T100 #) Jy 2 F BIO-
RAD 4 7% ; ChampChemi 4 R8T B¢ I AR 70 ¥ R 52l
Jb st B AL BHE A BR 2 F] AR

2 AHiE

2.1 4% # ok ¥ RNA 9420 B s gy
AU A B, RS AR AR A 1 mL TRIzol X
5, — UROPE 98 R T B #2 (RNase free) WO 23R . & 1R
R ERVE R T $2 0 RNA, T4 J5 19 RNA J] 20 pL
RNase/DNase free 7K,

2.2 5'#= 3'RACE R.E ] RNA % #1519t
WP B cDNA K % (RNA Ligase Mediated Rapid
Amplification of cDNA Ends, RLM-RACE) I %12 ¢
S0k HMGBI W6 2 1 mRNA %@ #9751 it 179
Wb RO R & HE AR T AT AR R AN S SR
HMGBI [A ¥ 8 A mRNA #0551 C& &5 XM _
009177186,519 bp) it 5 F1 3" RACE #5 PCR 7|
YR Dt Bl TARE

2.3 % % #% &k HMGBI B &R & @ mRNA % & 7
MR 03 S BT A S SR R PR 2 5 A T A
I OB 5 . DF144522) 4% HMGBI 9 CDS J2 [ H.
AT %1 (1621-2304 nt, 684 bp) , BUH: Sk Fi | ¥ 51
H 519 (684F Fl 684R, % 1) Xf 3" RACE ¢cDNA 17
PCR §"#, PCR X W& & (50 pl): TaKaRa Ex Taq
(0. 025 U/pul), 1 X Ex Taq Buffer (2 mmol/L
Mg®" ) ,dNTP Mixture (£ 0.2 mmol/L),5[¥4 0.4

pmol/L.cDNA #47 2. 0 pL, PCR %4 .94 C Witk
5 min; 94 ‘C 30 5,55 C 30 5,72 °C 3 min, 3t 35 Mg
FR;72 “CH#EAd 5 min, PCR =9 H 1. 5% B W 5 i
LYK 93 5 43 BT o

R 1 %£FHEZWHA HMGBI1 BiE45F CDS 5 5iR 51 fngE R4 M 5] ¥

Table 1 Primers for CDS identification and transcripts detection
of C. sinensis HMGB1 homologous molecules

ik KA 521 {i # (nt) (B RS
Use Name Sequence Position (nt)  specificity(accession)
5" RLM-RACE 4} CTTCGACTTGTTT i 0. viverrine
UEE) OVRS prgeace 426407 X 009177186)
5'RLM-RACE 1 il ATGGTCTGCCTTA et o
814 Ov6R1 ACCTTTG 354-335
3'RLM-RACE 4}l AAGAAGCATCCA
319 OVES \GeGTAAC §z01
3" RLM-RACE 1 AAGAATGCTCTGA
A9 95
L OVE2 ) eAGTGG 125°14
il IERER ATGGCAAAGGATA/ " sinensis
ﬁulf?ﬂ%}“ LB ATGGCAMGGATAA o) o Cosinensis
a1 GTCAAAGCC (DF144522)
T 543 T GTGAGTTCTATGTAG
4 4-29
214 B8R CGAATGGA L2zl
381/477 bp CDS 4 soip ATGGCAAAGGATAA L
SR L 514 ’ GTCAAAG
381 bp CDS ¥ 3 # ATACGACTCACTGAC
i 38R 381-362
W iS4 CTTCC
477 bp CDS ¥ M CCAACTTACTTTCTC o
W 34 TR A TAACGT 177456
actin B FRI | GTTTTACGACAACTG C. sinensis
IRzl Gtk poag WIS pu0928e)
actin NBE WM ACTCTTCTCCAAAGA .
N 20)-
Fa CsatR1 COAAC 720-701

* R S 0 S LS R (DF144522) 34 B 45 7 51 (1621-2304, 684 bp) i it
(Designed from a partially spliced sequence (1621-2304,684 bp) derived from shotgun sequencing
(df144522) of the C. sinensis genome) ,

2.4 PCR ¥ 3 7=y LteFm B o4 55k 5/ fil
3" RACE FI 5 /¥ %1 PCR 4" 14 19 & Fr Bt 28 i 1] e
aifl J5 5 e A pMD™ 19-T #R{k 3 # 1L E. coli
DH5 o A7 25 240 M, 4% BOR 70 & 4 R P b AT, %5 A
B B 3 AT As i AR T A TR (i) A R
Al AT DNA WU 5, I )7 45 2R 28 Nucleotide BLAST
(https://blast. ncbi. nlm. nih. gov/Blast. cgi? PRO-
GRAM = blastn®&PAGE _ TYPE = BlastSearch
& LINK_LOC=blasthome) ¥ 2 HE [ JC % ¥ 51 s # 5
65 SR Bl B SR . HMGBT 3 K 4 100
SR PR & A Lasergene 3K/ HY MegAlign 2 7 #E 17
AR Xt FIPEE s ] EditSeq #JF 208 ORF,

2.5 RT-PCR ] RT-PCR ¥ 5 %1 4 1 5 i 46 %2
20 B HMGB1 4> /9 ORF . #F— 24 2 H CDS
FH., &5, kA PrimeScript™ 1st Strand ¢cDNA
Synthesis Kit, ] Oligo dT 5 ## 4 3 520 d1 4 RNA
JHE SR cDNA . SR JE I U ORF W %5 7 41
FEIH (£ 1D AT PCR §7 4, PCR I I & & 0 I fr
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#®. PCR KR 94 CHIAZEME 5 min;94 °C 30 5,55
C30s,72 ‘C30 s,4L 35 MFEIF;72 CHEM 3 min, HL
PCR 7= 91347 1. 5 00 B R8I L UK 43 AT

2.6 X EFFA K HMGBl AR5 Fest o
YU HH B 4 S 220 e HMGBL [/ P84 T CDS Hl 8 1
Fe 91 5 2% ) A AR 7 23 1 19 A () IR R EE Al 2 A LA
AT 2 BA HMGBL [\ R 4 + >k F WL 3k 2. H
MEGA 6 # b Clustal W 3% i 17 )% 51 b X, H
Neighbor-Joining ¥, Bootstrap method(No. of Boot-
strap replication 2 1000) Fl p-distance &< I #) 3 A [A]
YiFh HMGB1 CDS il 4 % 55 1 17 51 () 25 A

%® 2 AEYH HMGBI [R5 TR
Table 2 Overview of HVIGB1 homologous molecules in different species

3 Biks EdSE ] .
g(x i Accession 9/ hi B PE;FI, l(%d
Pouree number CDS/location, bp fotent
N (Homo sapiens) CR456863 648/1~648 CAG33144, 1
B . . NM_001283356  648/156~803 NP_001270285
(Macaca fascicularis)
MR . ‘ .
BC064790 648/438~1085 AAH64790. 1
(Mus musculus)
AR . NM_012963 648/58~1705 NP_037095. 1
(Rattus norvegicus)
%, NM_001004034  648/9~656 NP_001004034. 1
(Sus scrofa)
i NM_204902 648/113~760 NP_990233.1
(Gallus gallus) - B
fir
P4 L MG753990 603/189~791 AYL60141, 1
(Oreochromis niloticus )
i roaon . -,
. . KF638272 615/89~703 AHII5743. 1
(Carassius auratus)
/. )
JKH% . KC516860 609/146~754 AGH28093. 1
(Crassostrea gigas)
5L B Dl
il 0 . JX126861 648/83~1730 AFN27605. 1
(Azuma pecten farreri)
<[
D4\[ﬂ|&gl . . - 531/1~147,179~499,
( Schistosoma  japoni- DQ005528 AY44044, 1
540~602
cum)
& %1% o . 531/1~147,185~ 505,
=2 9 / AAVIAOAE
(Schistosoma mansoni ) DQUos529 541~603 AAYHDES. 1
= 1]
XEEHH&EE . AY485339 531/1~531 AARS85353. 1
(Schistosoma mansoni)
LT
Bl S XM_009177186  519/1~519 XP_009175450.1

(Opisthorchis viverrini)

+ B 5 20 HMGBL mRNA #43 Bil F# 5] (Partial predicted sequence of 0. viverrine
HMGBI mRNA),

& R

1 %% =R H HMGBI [FiE4S F cDNA B g

H T B 5 52 W R HMGBI1 [F VR 2 I mRNA
T 9 Bt % 5 448 3 2 d R B S RNA
1 5" 3" RACE J I » 43 14" 3 K B 250~450 bp
1 200~800 bp A¥— F B 1A), KT LS
W L HMGBL JE DX 21 30300 )7 3 %) 5 4% A8 32 52 W LRl
4L cDNA #E47 PCR, 43 519 44 K 8 400~800 bp

A — 7 BL(E 1B) .

5-15-2 53 54 55 MI3132 333435 M2 3.1

A 5-1~5-5 Fl 3-1~3-5 4} B IR 5 A~ Bl RNA 19 5'F 3'RACE
PREEE B 3-1~3-5 435N EL 5 A dufk 3" RACE cDNA S#EAR ,
684F Fll 684R N 5| ¥ A9 PCR ¥ 1 M1 A1 M2 4% 5|y DL1000 Fl
DL2000 DNA #3 &Y

1 #3720 H HMGBI BiE5 F cDNA # PCR #38

A 5-1-55,3-1- 35 represent 5" and 3' RACE amplification re-
B 3-1-3-5 are the PCR amplifi-
cation results with 3" race cDNA of 5 worms as template and 684f and
684r as primers, respectively. M1, M2 represent DL1000 and DL2000
DNA ladder

Fig. 1 Amplification ofC. sinensis HMGB1 homologous molecule cDNA

sults of 5 worms RNA, respectively.

2 #£FZWH HMGB1 BiESF CDS MRS R E %A
o::Y:okz s

Sy 50K 5" 3" RACE [ i ] 4 F PCR
15 2 (0 4 7 B B Ja DU Y O B 459 21 i e 3 2Rl
HMGBI [ 55 1 i# 47 A0 5 %k f 9k 3, JF 40 i =
ORF., Xf[RWESF PCR BN F= 9 5 . 5 543 5] 35
(RV-M) il 44 (RV-M) 3z f&, ¥ % 381 bp 5% #
ORF; ¥ — #3915 3' RACE J i 7=y i 45 3] iy 3-
41(M13-47) 5 B 15 7P 31 L X R0 DE 422 L 45 31 53 41 477
bp & 5¢% ORF Wy)¥ 5. A ORF Hi 375 bp 54
— 3, WA FFF 4300 R 6 AT 102 bp(El 2),

ATGGCAAAGGATAAGTCAAAGCCCAAAGGAGCACTGACCCCATATGCGTTGTTCTTGCAGTCAATGCA
TGCTGATCAGAAAAAGAAGCACCCGAGCGTAACTCTTGACTTCAAGACATTCTCCAAAGAATGCTCTG
AACAATGGAAGAATCTCACCGCAAAAGAAAAAAAGAAGTTTGAGGACTTTGCTGCTAAAGACAAAG
AAAGATATAGGAAGGAAATGCAAAGCTACGAGCCCCCTGCGGATGAGGGTAAAAGCAGGAAGAGGA
AAAAAGATCCTAATGCCCCAAAGAAAGCTCTGTCAGCATTCTTCTTGTTTTGCAACGACGAGCGACCA
AAGGTCAAGGCAGACCACCCCGATTGGAAGGTCAGTGAGTCGTAT
ATGGCAAAGGATAAGTCAAAGCCCAAAGGAGCACTGACCCCATATGCGTTGTTCTTGCAGTCAATGCA
TGCTGATCAGAAAAAGAAGCACCCGAGCGTAACTCTTGACTTCAAGACATTCTCCAAAGAATGCTCTG
AACAATGGAAGAATCTCACCGCAAAAGAAAAAAAGAAGTTTGAGGACTTTGCTGCTAAAGACAAAG
AAAGATATAGGAAGGAAATGCAAAGCTACGAGCCCCCTGCGGATGAGGGTAAAAGCAGGAAGAGGA
AAAAAGATCCTAATGCCCCAAAGAAAGCTCTGTCAGCATTCTTCTTGTTTTGCAACGACGAGCGACCA
AAGGTCAAGGCAGACCACCCCGATTGGAAGGTCAGTGAGATAGCCAAGGAACTAGGAAAGCGGTGG
GAGACGTGCAAAAACAAGTCGAAGTATGAGAGTCAGGCGCAGGTCGAAAAGCAACGTTATGAGAAA
GTAAGTTGG

£ RE 2 381 bp, TS 477 bp CDS; FRIL # 4y Fm — % % 5
HF 5 .
B 2 i35 HE & 2R H HMGBI FiR 4% F CDS
Notes: The 381 bp (above) and 477 bp CDS (below) are showed.
The underlines indicate the different sequence between the two.
Fig. 2 Identification of the HMGB1 homologous
molecule CDS from C. sinensis

SHAESZ I B 381 A1 477 bp ¥4 kA S S
B HMGBI1 [ 41 CDS, 4 %1LLi% 381 #1477 bp
ORF Wi 1741 24 51 %k A 5 S2 g g dt cDNA i#17
PCR, & 5 W AH I R /N v BE X — 1 H 9 B (1 3)
TP R B4 5 U 5 R R e S SR R
HMGBI1 [A] 43T 381 #1477 bp ORF F4)—3L,
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1 2 3 4 5 BCMI1

bp

381

477

122

1~5 4351 5 4~k cDNA ) PCR 9”14 74 (381 Fl 477 bp) .
DA B 32 W L actin ¥ 5k XM (122 bp) N X M1
DL1000 DNA #ri&E4
3 #%£XZH HMGBI BiRSF CDS EEXERAMHBER
1-5 Represent the PCR amplification results of 5 insects cDNA
(381 and 477 bp). C.
(122 bp). N Blank control M1 DL1000 DNA ladder
Fig. 3 Transcription of the HMGB1 homologous CDS
from C. sinensis adult worms

sinensis actin transcription was used as control

3 f%FERH HMGB1 BiE 4 Fi Lo

HEAE P H Y 48 3 52 0 il HMGBI [ 35 73+ 1Y
CDS, F i 8 H: 127 #1159 A~ & KR 5E 1 4 15 7 51 .
P TSI 125 A2 LW 58 4 — 30 i 28 )P 51 4
Bh 2 F 34 A FEBR (B 4), %R B0H S Sy
1 HMGBI [d #5453 F 1 CDS & 1% 5 5 7 [\ 4
FHR R4y F (36 2) 4T RV SE L 0 A7, 45 R 8w,
PN Y A 3 52 0 it HMGBI 6] ¥ 43+ CDS J¥ 41
(381 A1 477 bp) FIEE 1T 5] (127 F1 159 N2 HEMR)
5B 5 S0k HMGBI 43 7 38 2 W00 )7 1 38 25 15
[F)— 43 3¢, 5 o m BE W 5 55 H A i W BRI i i
HMGBI 73 FREAEM LB 3, 5 HFEEE R 51
FER Y AL HE NAE N I E MBS HMGBL 43 + 4
JB A 4y 3 5 HF PR AR (E 5, 6),

MAKDKSKPKGALTPYALFLQSMHADQKKKHPSVTLDFK TFSKECSEQWKNLTAKEKKKFEDFAAKDKER
YRKEMQSYEPPADEGKSRKRKKDPNAPKKALSAFFLFCNDERPKVK ADHPDWKVSESY
MAKDKSKPKGALTPYALFLQSMHADQKKKHPSVTLDFK TFSKECSEQWKNLTAKEKKKFEDFAAKDKER
YRKEMQSYEPPADEGKSRKRKKDPNAPKKALSAFFLFCNDERPKVK ADHPDWKVSEIAKELGKRWETCK
NKSKYESQAQVEKQRYEKVSW

T B RS B 127 159 AR E HF S T RIL
RN HERIT,
4 T ERH HMGBI BiEEAFT
Notes: The 127 (above) and 159 amino acid sequences (below) are
showed. The underlines indicate the different sequence between the
two.

Fig. 4 Sequences ofC. sinensis HMGBI1 homologous protein

100 ~ Homo sapiens (CR456863)
& Macaca fascicularis (NM_001283356)
99 Sus scrofa (NM_001004034)
Mus musculus (BC064790)
100 L Rattus norvegicus (NM_012963)
Gallus gallus (NM_204902)
Oreochromis niloticus (MG753990)
Carassius auratus (KF638272)

100 A Clonorchis sinensis (381 bp)
100 .[ A Clonorchis sinensis (477 bp)
'W Opisthorchis viverrini (XM 009177186)
100 § (DQ005528)
—IOO-‘—{ Schistosoma mansoni (AY485339)
100 | Schistosoma mansoni (DQ005529)

A farreri(JX126861)
100I C gigas (KC516860)
e |
005

A BRI B (C. sinensis) HMGBI [ & [ CDS ¥
FI(381 M 477 bp) W B S MO, wiverrini) HMGBI mRNA
43 W5 (519 bp)

B 5 #£XZWHR HMGB1 B E B %58 F 51 89 B R 5 5 47

A The identified CDS sequences of HMGBI1 homologous protein
of C. sinensis (381 and 477 bp) W The partial predicted sequence of
HMGBI1 mRNA of O. viverrini (519 bp)

Fig. 5 Evolutionary analysis of the coding sequence of C. sinensis
HMGBI1 homologous protein

Rattus norvegicus (NP_037095.1)

67 Sus scrofa (NP_001004034.1)

0 Macaca fascicularis (NP_001270285)
Homo sapiens (CAG33144.1)

90
Mus musculus (AAH64790.1)
44
Gallus gallus (NP_990233.1)
100 o is niloticus (AYL60141.1)

Carassius auratus (AHI15743.1)

56 A Clonorchis sinensis (127 aa)
100 FA Clonorchis sinensis (159 aa)
‘W Opisthorchis viverrini(XP_009175450.1)

Schistosoma japonicum (AY44044.1)
498|:{ Schistosoma mansoni (AAR85353.1)
99! Schistosoma mansoni (AAY44045.1)

T farreri (AFN27605.1)

100 L [ gigas (AGH28093.1)

005

A PUNR ARSI L (C. sinensis) HMGBL [6] 2 1 (127 Fi
159 aa); W FEA)E E0E 1 (O. viverrini) HMGB1 & 1 #5 4 1 I J#
F(172 aa)

B 6 %£FXEWHA HMGBI FiEEZEAMSLSHT

A The identified sequences of C. sinensis HMGBI homologous
protein (127 and 159 aa) W The partial predicted sequence of O.
viverrini HMGBI protein (172 aa)

Fig. 6 Evolutionary analysis of C. sinensis HMGB1 homologous protein

15

ASHIFTE 43 AR H1 A 52 0 ek o S S g o R R
M FE HMGB1 201 50 iy 51, 2050 T 4 S S8
H HMGBI [REE [ CDS, I:%H i3 J5 15 2] i 52 24
By A SO B T o 28 L X 43 AT 5 A3 3] 381 F1 477 bp 1Y
P ORF ., LLRGIH ORFE & B N 518, Ltk
ER OB cDNA SRR AT PCR, 45 R34 34 1
SRR =, WY S UE S O AR S 2R R
HMGBI [[JE & 1 CDS, #4550 H i CDS #E 0 H
e W HMGBI [FJEE H 43 5 127 #1159 2
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R, ARSI d HMGBL [ IR T 5 % =9 A

B/LELEAL Fr 381 F1 477 bp PP ORF M55 kA,
*ﬁﬂ%@iﬁi&ﬂﬂﬂlﬁﬂ%%%lﬁ]%%ﬁ

HMGBI 7 # 4k A XF P 5, H 35 DA i 2 3h 9
(R EAE R 99 %61 L AHIF 5T 3 %‘IJ.LH 10 4 S 2% ol
HMGBI [R]85 F 5 27 A& e, 2% @%AEW
(1% Wi 7 Lzﬁ]%#%%ﬂlﬁﬁ%?*ﬁﬁfﬂﬂﬁ THEAE ST AT 2

SRS B HMGBI [l 43 F CDS m%éﬂ?

G5 RS L 2s | DL AE HMGBL (1 [A] U M 54K
5 LW B (Schistosoma spp. ) HMGB1 & H /Y [/ J8 P
B, S R S 2 s HMGB U0 3 B 5 91 o B
W, AKEFLEY HMGB1 & 11k 215 DR AR,
AR DNA 8558 1., HMGB-1 X Wi 5E | 5
JE995 Bl K ok RERE Ak R L OGS AR L SR IR A5 A
O IR B L Jry 38 14 B 8 RE 55 AR 22 950 11 & A R AR F
PERIE . Horb, py A0 A ol IR B8 40 i B i HMGB1
T 53 #% Toll ¥ 524K (Toll-like receptors, TLRs)iH
SR HLH] S5 T 12 10 G g2 0 28 2o A L 5 ) g 1) & A=
RIEFEAEER Y — T f, HMGB1 2 45 8
Jifrseg G g2, FLR A0 M 2 B2 T M B 40 i, 8 A TR Ak
TLR2 F1/8% TLR4 {5 5 ) 1 51 bk 87 o0 58 ) -
Ty — 5 T 98 AN T A R R AR T T A O
5 HMGB1-TLR2/4 {5 5 & %", H#% ., HMGBI1-
TLR2 5 5L i A R4 EMT i3 7, 721K 8 fn
R P9 AR 20 98 40 B 1 12 2B A AT

HMGBI 45 & 2 R 7z 5 HA 3 KRR
PE OB T B 5 0 R A R R 1 A AR ?EH%&@HH
K. ASHIESE HE DI AR 52 S0 e HMGBL [ 8 43+t ml
fig 2 R0 PRRs /i 3 R AR oy &, OF 5 R4 1
B HBURMER AL T 1ICC KA VR BB VIA G, X 2]
RO 5 I SEAIE S

(5% 3xuk]
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