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W E. BW wEILEEERET CobHLHT ] cDNA 741, F53& UIEFAEEET unigene c15204 gl A NS, 1
FEF O AR P BT RR S 5 1, $RIOLIZE B R S RNA, FERFE TR cDNA, LUHIEIR , 4 RT-PCR ¥1. %42 pMDI19-T
SOREIARIFIT, 3K73 CobHLH7 7 cDNA /7%, i#iid Protparatam. ProtScales SOPMA %54k, X HFATHEMIE B =0T,
53R CobHLH7 [) cDNA K54 941 bp, Zifd 266 N2 HERE, HAIN TN 29 220, FH AN 6.32. 4 SOPMA 1E4
B, ZEANRERD, HRASEHUL o BiefiiE i, SH 08N p-HAMmEMs. 25t fEs
RAWEE/R, CobHLH7 &EMRFTH5 D2 EFE MR bHLH 2% % R F VRGN ILR3 FREMER . B 1E
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Cloning and bioinformatics analysis of transcription factor CobHLH7 in Cornus
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Abstract: Objective Cornus officinalis is a commonly used medicinal material in our country. In the study, the CobHLH?7 was cloned
and analyzed, which might be closely related to the iridoid glycosides synthesis, based on the transcriptome sequencing of Cornus
officinalis fruits. Methods The special primers were designed from the both sides of open reading frame of unigene c15204 gl1. The
total RNA was extracted and reversed transcribed into cDNA. The transcription factor CobHLH?7 was cloned through RT-PCR method,
and the pMD19-T cloning vector were used for sequencing. A series of bioinformatics analysis of CobHLH7 was performed by
software Protparatam, ProtScale, and SOPMA etc. Results The cDNA of CobHLH7 gene was 941bp in length, encoding 266 amino
acids with a molecular weight of 29 220 and isoelectric point of 6.32. The analysis of bioinformatics through SOPMA showed that the
protein was a neutral unstable protein. Its advanced structure mainly was alpha helix and random coil, and the content of beta turn and
extended strand were less. Multiple sequence alignments and phylogenetic trees showed that CobHLH?7 protein has high homology
with ILR3 of Solanum tuberosum, ILR3-like of model organism Nicotiana attenuate. Conclusion For the first time, the CobHLH7
cDNA sequence was cloned and analyzed successfully from C. officinalis, which would lay the foundation for studying its biological
functions deeply.
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R S A M AR R, L2 AR AR K
FEPE AT DACCE AR B S e L, 32 v 4l e eg
ani s e LB IR S S A% T AR
e E (STZ) SR MR BRI KA
RUY, e TR S AT AR TR IR
R EE . IZEYEE Lz B B R
R BRRE VRI T R B 2 Tt B T R R R
Histe UbAh, IZRBEAFREIR (RDERIR) 1EAMIEAT
b HR RS ) — KRR B 2 32 e

Bl -2 fiE - 21 -12 i€ (basic Helix-Loop-Helix,
bHLH) 8% 3¢ Rl T 2t P H B oK 154 53 H 7 K
2z, TS 5REEDNAKE D drg o,
EE S LA SR R TR S 5
A B A KR B 1 bHLH $55% [K 1 HEC1-31"Y, 1%
IRERNRFRE Sk mm My Kigh s
AR KA RERIIPY, s hiffs s s &4
W& BORAE ) AabHLH1PY, K it H 1
CrMYC1-5%2F1 BIS1® 3 2 5 5 4 Wi & 5%
o H BRI 50 PR ARG AR W & R iR R
e R O AR, ARG EE R FdR At T
BB, AN, ALK, ILR3 (JAA leu
Resistant3) )& T bHLH BY#4 56K -F, 7EFURG T+
CA R,

S 7T SR bHLH 72 1 5 88 AR K AR R )
TIfe, AHIEFAEXS 1L 2 B8 B S By HEAT e S 2
FEIBERD b, ZARCAEYIE B 4T, 3745 unigene
15204 g1, DL B O BEAR WA 51, &
RT-PCR Z5H R i f% T 11288 bHLH #53% K15 K]
A3 cDNA 31, #r48 CobHLH7, FFif474:
YIME B2 0HT, IR AU L T g B4 5 L
1 #R55E%E
1.1 g

35 i B 7T AR A0 [ TG s R 12 B R s
RSB EL, PURRIERAILCT 2 mL SOE Y,
WRGT J5—-80 CHBKIRIKAR A7 & H

RN35-EASYspinPlus £ # £ By fE ) 8. RNA
Pk 5 B A & . R & PC17-TRUE
scriptlstStrand cDNA Synthesis Kit. 2XTaq PCR
MASTER MIX. 3 fig B i 2l Ak [ Sl n & & %
5% CV14-pTOPO-TA e B i 7l & 3508 T b 50 3
WRAEMPEARA R AT K AT
DH-5a (b3 X AESEAEDRHE AR A R, L5 H
B 51 B A i 2R E AR BR A 7 A R

1.2 LIZEEE S RNA FIHEEUN cDNA 5 1 £ E R

5 % RN35-EASYspinPlus % ¥ £ 1) 4 4 &
RNA P BORG S, BOL 2B R 506 RNA,
£ NanoDrop 2000 £l RNA $#&HUR S A24EE, I
FH B A B A rlL A DU FE S M o R R B Sk 7).
& PC17-TRUE script &% cDNA £ 1 .
1.3 5|¥m&it

DAL ZRE B e S M P 3R 43 ) bHLH A% 5 IR 1+
IEHEA] unigene 15204 gl AZFH)TH, HFIH Primer
Premier5.0 FATEFF A RIEAE 2 st vHy 3 58
BIRIDIX 1519 . Pl f35] RT-PCR Fe5tE 517751
N CobHLH7F: 5’-CCACTTTTCTCTCTTCCCAA-3’
H1 CobHLH7R: 5’-CCATCATTTCAGGCTTAGGC-3’,
1.4 CobHLH7 £ & 7 & K F

RT-PCR JE[HH itk RN 25 pL, MIEBR
c¢DNA 1.5 pL, 2 X Taq PCR Mastermix 12.5 uL, 1E.
S\ 51 #)(2.5 pmol/L)#% 1.0 uL, il RNase free H,O
A 25 uL. RMNFEFN: 94 CHIAEYE 2 min, 94 C
A 30 s, 55 CiBk 30 s, 72 ‘CHEAH 90 s, 32
ANEIR, 72 CHNFRLEH 10 min. 1% i ek i
KA L R, AR B AT, IR R
CV14-pTOPO-TA e F il i & %4 3] pMD19-T
[ R N SR G R Ak /R R R e i 1]
DH-50, T &HA (JIEWE 100 ug/mL) Amp 1)
LB ¥5773k | 37 Cid #5797 12 h, 1H7 PCR fiiit
FIPERERE WG 16T iR E A EARHEARA
AT o
1.5 CoBHLH7 EREHENERFESH

M. A DNAstar 4387 CoBHLH7 & K [t 41
1%, ExPASy Chttp://www.expasy.org/tools) 7EZk%K
4 Protparatam Chttp://web.expasy.org/ProtParam) 73
M FE IR 2H A 55 R AR AR X 407 0 5% ProtScale
Chttp://www.expasy.org/tools/protscale.html) X 1] 2
94 CobHLH?7 J K 2 At 2 1 1R 58 /K AT ZK 14 14T
3T o I AE LR B SOPMA il SWISS-MODEL %y
TR AR 10 2R = 245 44 . DNAMAN 8.0 #14
BETZFAIEEAE, @it MEGA 7.0 B4R s 7%
Bk E RGO
2 HR55H
2.1 LLZREE R RNA 2B

H 1L 2 B 3 PR 004 14D A A o U BB R
AR, M4 RNA $2HUAG7 & RN35-PLANT pure Ut H
PRI RNA, 1% IR B M s iR 45 5L 2
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INFRATE T, JCBEfR. NanoDrop 4> Y66t
K Are0/Arso AT Areo/Arzo 23 N 1.95 A1 2.10, B
RNA $EI4li g, TEER. BTG 3y,
AT DA JE i 8 s 2 s FH IR v P ) R 22
2.2 CobHLH7 HMERFE=MESNF

FIH Primer Premier 5.0 # {4, 7F unigene
c15204 gl ) ORF Wiui it 18 52 8y fid X 11151
Yo 2 RT-PCR ¥ 1N 1% B i b i B Sk R 0
SRAFKIE N 940 bp AT, VIR FIGZ ST,
iH1t CV14-Zero Background pTOPO-TA Cloning Kit
R pMDI19-T wefE#HAK I, At DH-50 %23
YL, BT PCR %5E, FRIUBHME se 7 o

WP a5 REBRSITH, PHES IR RN AN
941 bp M B, &5 1L PSR HF LS,
4N CobHLH7.
2.3 CobHLH7 EFE K 4mEEBERFHES T

T DNAstar-Editseq 43 #7145 S & 1,
CobHLH7 f] cDNA 74| A. T. C. G 4 FfILfT
5 EEA 23 A 26.03%- 25.61%- 22.32%F1 26.03%.
ExPASy [1E 8 4 Protparatam Al ProtScale 734
A%, CobHLH7 HH 20 Ff (266 1~) ZIEFRZA AL,
FHXT 73 F &N 29 220, S5 RN 6.32, TE4L U
HEHMAERT2ZAR T ERmS, G8TEM
9.0%, MEEIRTEBIEN 0.8%. ZEANEE R
HH 46.68, J& T AFREEH . MR IR SEKE/
B 22 TT DLE 2 R R Sk (—2.956) B
KVESRINA BAE 2 IKEEEE 151 07, EHE
(1.844) BRI /K 1 d5 98 () r B AE 22 IKBE 25 188 £z .
Z I K (GRAVY) N-0.714, I N
FokrE (- D,

2.0
1.57
1.0+
0.5+
0

—05|
—10}
-1.5¢

il

—2.0r
_2.5 L
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Fig. 1 Hydrophilicity/hydrophobicity curve of CobHLH7

protein

2.4 CobHLH7 4wE5E BRI R EEHITUN 53 4

R4 SOPMA T £ #4115+ CobHLH7 & 1 11 45
P50 45 5 22 B, CobHLH7 & H H) — R 45/ a-
#2%iE Calpha helix). B-#%ff (beta turn). ZEAH T
(extended strand) AL M (random coil) Ffr
HEE 5 A 37.95% 3.01% 7.14%- 52.26%.
it SWISS-MODEL il il 1 45 5 i 7k, CobHLH7
=25 a-lB e -6 4A . T il A Sk e
WA, 5 bHLH 5 R 7 W i -1 -0 g (1) 45 4
—5 (E2),

2 CobHLH7 4RE3E B K = 45T
Fig.2 3D structure prediction of CobHLH?7 protein

2.5 CobHLH7 FFIM % ELLIF SRE X RN
il NCBI #4fs 2711 Blastx 12 5 CobHLH7
MBI AES], F DNAMAN %44 CobHLH7 55
& 3| W) K %Z Manihot esculenta Crantz ILR3
(XP021595307) ¢4 Arachis ipaensis Linn. ILR3
(XP016188681)+ EZ{ELE Arachis duranensis Krap. et
Greg ILR3 ( XP015953562 ) . 4% %  Solanum
tuberosum L. ILR3 (XP006360098). %K Cucurbita
maxima Duch. ex Lam. ILR3-like (XP022985260)- 7
% Vitis vinifera L. TILR3 (XP002282727). B R
Cucurbita moschata Duch ILR3-like (XP022932170).
ML Nicotiana attenuate L. ILR3-like (NP001312372)
BATZELILX, S9REIR, 11ZREE CobHLHT 5 A
YAty bHLH ¥ R 2R B A BUs IR ~T
P, AL A bHLH 2R3 (E 3.
3LF CobHLH7 J77%1], iid NCBI fE£k Blastx
U AR SUARAUTE 2047, AL MEGAT7.0 #4F, 18
1L4R4% (neighbor-joining, NI) yEHEE KRG ALK,
bootstrap (1000 K EE) Fals %73 CIISCHFFH . 25
R, 1YL CobHLHT7 N5 D44 E ) ILR3
(XP006360098) HHH ILR3-like (NP001312372)
SREGRFZBUE, SHE R ILR3 (XP002282727) 1t
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1h2€88 (bHLH7) G PN FD GLIEDIS P GN SAPTS S .PVQAL GSS SL
JHE (NP001312372) vV PN YD G.FEESA P SN SATAS N .PMONL GSR SA
KE (XP021595307) vV PN ME GLIDDIP P AN SVPVT S .PVONT GPS GL
164 (XP016188681) AR S FD ALIDDIP H AT AAPSS N .PSNAI GSS GV
H{EE (XP015953562) A R S FD ALIDDIP H AT AAPSS N .PSNAT GSS GV
L% (XP006360098) VP N YD G.FEDSS P SN SASAS N .PVONL GSR SS
N (XP022985260) vV P T FD ALMDDIP A AN SAPTA S .SMPPL ASS ST
W (XP002282727) vV P A YE GLIEDIP P SN ANINS A TPVOAL TSA SG
MR (XP022932170) vVPT FD ALMDDIP A AN SAPTA S .SMPTL ASS ST
Consensus m s e thwl vy v da £ gf w n nv e
1 %£88 (bHLH7) VD SFGD GI TSS EAVGAQCEDMOHGPSACHEGRRVGLTNENDK
JHE (NP001312372) VD SIGE  YP  NGS  tttttttemeeeeteeeeeaaaaaeaeaans
AR (XP021595307) ID PEGD AQ SSC ittt ittt ittt eeeeeeeeaeeaaeenn
14k (XP016188681) ID SLGD GI  SGS e eeteeteeeaeeeeeaeeaeaaaaaaaann
1EE (XP015953562)  TD SLGD  GI  SGS e e e teemmeemeeemee e eeeeeeaeean
A (XP006360098) TD STGE  YP  SGS e e o teemeee e e e e e e e e e
R (XP022985260) IE SLFE GL PGS RTIKEC. ¢ it ettt et eeeeeeeeeeeeeenn
Hi%j (XP002282727) ID SEGD  GI TGS e eeteetaeeaeeeeeaeeaaaaaaaaaann
B (XP022932170) IE SLEFE GL PGS ¢ ettteteetaeeeeaeeaeaaaaaaaann
Consensus g sd ke kkr

1I%E8E (bHLHT) RT S SCGPS L R M ST sa v
JHE (NP001312372) .A V SCAPT Q R T AL SA vV
A (XP021595307) .G S 1CsAs L R L ST AA I
164 (XP016188681) .G S SCAPS i R v ST AA T
1A (XP015953562) .G S SCAPS i R v ST AA T
D (XP006360098) A vV SCAPT L K M AL sa v
N (XP022985260) RV T TSCAS i R I AT AA T
% (XP002282727) .V S SCGAS L R M ST ss I
BN (XP022932170) .V T TSCAS i R i AT AA I
Consensus r e sskacrek rrd 1lndkf elg lepgrppktdk il
%83 (bHLH7) M T G AQOK SN QD A N R T D
JHE (NP0O01312372) M T G AOK IN OF A N K A E
A% (XP021595307) M T G AQK SS OE A N R A D
164 (XP016188681) M T G AOK MG OE A N R A E
A (XP015953562) M T G AQK MG OE S N R A E
LS (XP006360098) M T D AQK IN OE v T R A E
N (XP022985260) I A G AKM TS SE A N R M E
Hi%j (XP002282727) M T G SOK SS OE A N R A E
)N (XP022932170) T A G AKM TS SE A N R M E
Consensus davr v glr e lkdsn 1 kikelk ek elrdekg lk ek k
hZK%E (bHLH7) TMNT G LP ..A AA GO VE N IIS v

JHE (NP0O01312372) TINA G LP ..A AA PH VP S ™S v

K (XP021595307) AVNA S LP PPA AT TQ AP N FIS v

14 (XP016188681) SMSA S MA PTA 2A PQ VP N IIs M

A6 (XP015953562) SMSA S MA PTA AA PO VP N ITs v

A (XP006360098) TTSA S LP ..A SA AH FP S IMS \4

FN (XP022985260) DMNS G LP ..A AT AQ AA N FIS v

% (XP002282727) AMNA S LP VPS AA AQ AG N FIG v

BN (XP022932170) DMNS G LP ..A PT 2AQ AA N FIS v
Consensus legglk g £ p ip fa gg g klvp vPg amwgf
1IZE8E (bHLHT)

JHE (NP001312372)

A (XP021595307)

164 (XP016188681)

L4 (XP015953562)

LS (XP006360098)

N (XP022985260)

W% (XP002282727)

R (XP022932170)

Consensus mppaavdtsgdhvlrppyv

3 CobHLH7 ZELLE S
Fig. 3 Alignment of deduce amino acid sequence of CobHLH

A ) ILR3 ( XP016188681 ) . & 7t /£ /) ILR3
(XP015953562) R4 K HRKimL; S5AKER ILR3
(XP021595307) %)) ILR3-like (XP022985260 )+
BT ILR3-like (XP022932170) SEZK 2 N Frik
(K 4,
3 g

A FEAE T O L 2 B R SR SR AT R R
APWFHIERE , 3-15 7 40 4~ bHLH ¥ %7 H
B, FIH RT-PCR £ A e [#$R15 H H—2% bHLH #%
KT cDNA J741, fir4 N CobHLH7. i%3& A
ORF K: 801 bp, 4ihd 266 NEILRE, LM DMFF
4 bHLH KSR K 5 AIE . IR T 51 LLXT 43
Mrigz, HZE9H CobHLH7 5 54 % [LR3. /X
ILR3 S5 [ 2 IR 7 AR AL R 4 vy, M0 HEW 1L 2 B
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Fig. 4 Phylogenetic relationship analysis of CobHLH7



+ 1446 ¢ LS X

Chinese Traditional and Herbal Drugs

505 FoH 20193 A

CobHLH7 5544 % ILR3. % ILR3 ZELL_L4fh
(%) bHLH 5% 5% K1 HA ML) Dhfg, (B —3P
ENWTIT o

TEREMEY P 2R — KRN T,
bHLH TEAEMIMAERK R E . Bt 2 Bk AR i
R E EEEH, WS 5MEIT9EE e
REPY, bHLH115 7ESURE T Bk BE % 11 1 R 42 i
% & M, bHLH34 . bHLH104 FI bHLH105
(IAA-LEUCINE RESISTANT3) 1y [E) ¥ al 55 —
BRI Fe R0, b4k, bHLH % 5K 748 8
i R AE T & AR e T S E I G R
IR R 1 B P,

HHT, RTWZEERAERE=PE B 515l
FIFF RS, (g R A B E D, AH 7T Ik
T ZEG S P, B CobHLHT A,
FHREAT T AR ARG B2 08T, NIRRT
REBEE [ Bl
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