&M  Guihaia Jun. 2024, 44(6): 1105-1117 http://www.guihaiajournal.com

DOI: 10.11931/ guihaia.gxzw202307014 EEHE
BTk, BRL, WA, AF, 2024. WERATEZ COBRA JER SRR 52 T E WS B2 RARIRITHT (1], 700N, 44(6) . 2 n '

1105-1117. 2
HUANG YM, TENG JB, TU DP, et al., 2024. Molecular bioinformatics and expression analysis of the COBRA gene family in E e
Huperzia serrata [ J]. Guihaia, 44(6) : 1105-1117.

#e 2012 COBRA ERE XKD FEMERFRREDH
HES, B, BAE, RN
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 OE. N LA COBRA BN B 7 F A WAE B R I Uk M % S T i A A2 1
SR SR B A A YA B R R XHZ Z N 5L (HsCOBRAs ) I BRAR 1 B 45 4 3 PR <7 56 17 i =X 1R
FHICME R R ST T, G5 RERWT . (1) 70 R A K2 2 K e sk dl b 2L % HH 24 > HsCOBRAs K%
BB, PR 9 AN REE A 1A, BUKEEA S A, A BERSGWNES 74, BAESKNER 3
Ao (2) W AHMEE (7 e A e i 20 A% AR o (3) Z5H 40 BT & 3K HsCOBRAs 43 7 FhZ5 #4311 6
BRI 300 B AT = AR ST I CCVS 454, (4) HsCOBRAs A5 CAAT-box \ TATA-box &F 45 Fililii X
YER T, (5)HsCOBRA2 fEM JHF Z£ ZFMPRA E NG . R G R0 HsCOBRAs 1 ilt — 254
98 B )2 T RE I S 4R I S Ak 4
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Molecular bioinformatics and expression analysis of
the COBRA gene family in Huperzia serrata

HUANG Yumei, TENG Jianbei, TU Dongping °, LIANG Liuguan

( College of Pharmacy, Guangxi University of Traditional Chinese Medicine, Nanning 530200, China )

Abstract: In order to clarify the molecular bioinformatics characteristics and tissue expression patterns of the COBRA
gene family members of Huperzia serrata, the physicochemical properties, domains, conserved motifs, cis-acting
elements, and genes expression of the family members (HsCOBRAs) were analyzed by bioinformatics techniques, based
on the full-length transcriptome data of the H. serrata. The results were as follows: (1) A total of 24 HsCOBRAs family
members were screened in the full-length transcriptome of H. serrata, including 9 acidic proteins, 11 stabilizing
proteins, 5 hydrophobic proteins, 7 proteins with transmembrane structures, and 3 proteins with signal peptides. (2)
Subcellular localization was found in the cell wall, chloroplast, nucleus, and cell membrane. (3) Structural analysis

revealed that HSCOBRAs had 7 domains and 6 conserved motifs, and partial members had a highly conserved CCVS
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structure. (4) HsCOBRAs had 45 cis-acting elements such as CAAT-box and TATA-box. (5) HsCOBRA2 had the

highest expressions in leaves, spores, stems and gemma. The study results can provide theoretical basis for further

research and biological function verification of HsCOBRASs.

Key words: Huperzia serrata, COBRA gene family, bioinformatics, full-length transcriptome, expression analysis

COBRA Ji [ f¢ B Ok 3L T 400 R I AR 40 g o
(Borner et al., 2003) , & —2K] IZ AT = S5HEY)
FIEE A (T B 245, 2021 ) 1 £F 4 25 4 i Tl 3
[Al ( Kasirajan et al., 2018) , H4 i i85 A JE T b4 3k
T Hig Tk L5 48 %2 25 1 ( glycosyl-phosphatidyl inositol ,
GPI) A8 N Iifs 5 Ik oK AL & &5 a 5k 5 o
BRI CCVS S5 MR A C R GPI 2 /1Y o-fi
25 (Roudier et al., 2002), HAj, X & THAE K
FI 0 i TR AE Z R 19 COBRA £
AWFFEERNY] COBRA 7 38 ok 815 27 4 38 AT 2210 &
BCCUURR, FER) A TR A 240 M B 21 4 3R A 2B 6
o R HERLOAET (Li et al., 2019; AT 5V EE45,2021)
Iz 5 22 B RRENETE, Y
M A=Y (e AE,2020; Zaheer et al., 2022; Li
et al., 2022) , QARAE GhCOBLOA W5t 1 ik T {fi A
PrEE N (Niu et al., 2018) , Z5H CsCOBRA J& [ n]
0 3 A I R A R S AL AR B, DT 52 Wil 23 I 1Y)
P (R, 2021)

¢ J& A1 #2 ( Huperzia serrata) & 2581 T )23 HY
KRz —  BATIE MATHE ki A LT e e
i aE R ABRIEAF DAL, T TR I AT B4 L 57
Pt i R 4 I L BE R 1 A (B IR AR
2023) o He 3 BRI A0 K2 B RS BT R R T R
(alzheimer’ s disease, AD) HA K i a9y7 2 H 4MA
N RN R (A L 2007) o BETEE] 2050 4
25k AD BB A 1.39 12 (Jia et al., 2018),
FeEZE N B AR 15 3 003 J7 (£ 25,
2019) , i A A2 T R AW R, i i R4
AR i AN TS B T — e B
PRH A K28 SO TR ME , 22 4 1t R S5 3 KRB R
IR S N R DI TR ) 5 N = i =R € )
e A A2 AR AR 7 B OE U A
COBRA 4521 4 32 5 JU 55 PR 1) ) 425 B2 ik g J
AR B R

AWFFE LAt 2 A A2 S OF SR RE, DA 42 K
SEYLIN Bt i e COBRA SEIH sl ol AE W1 1B
2HE RN I PR AE B A 4 20 v i 3 3k i AT 43
B ARG EAR TR, (1) W 24742 COBRA JE R 52 i

LR {5 B 2% R AE 5 (2) COBRA JE IR 7 i JE A1 42
ERET P ATRE LRI B AR R g A
12 COBRA F= R IR 14 42 5 il 45 B4 % HE i, L &%
U AT AZ I 705 T AR R

1 k577

1.1 ##4

I A AZAEAR T 2019 4F 8 HAE) VI TR
LR A, 287 74 24 1] A 4 el 4 it 28 o 2 T AR
Y5 N A K2 B W) e R AT K2 (Huperzia serrata) [
A, MR R A A A e s 2 B h TR I AR R
R A A FRZN F PacBio Sequel 5 41t
1.2 ik
1.2.1 8- &4 COBRA 2L B &R R &% HT
g, JE AT AZ 1Y A K B S A R R S R OR
A IR IF COBRA Jk R 81 1 51 9 DNA J3 314
AT S, BLAST Lo X 8 R g /2 A1 42 4 B I )
SRS e, 0 1k B (E E < 107, 3845 b 2 A A2 1
COBRA FENFE A
1.2.2 38 % & 45 COBRA 2k B Rk 89 BALKE T 12 5
BRI gm e T AL Ao 25 M o AT K i R A
COBRA JE IR G 1Y I 46 005 81l 3 T i el i3t
ORF Finder ( http://www. ncbi. nlm. nih. gov/
orffinder) 2K 75 ¥ 7 09 & H 5t 4 69 7 Beo, A
ExPAsy ( Expasy-ProtParam tool) Xf COBRA #k [X] 4
fith ) 28 141 J5 e 0 A T BRAR PR B T 5 ] SignalP-6.0
( https://services. healthtech. dtu. dk/service. php?
SignalP ) #4715 = BK I ; A Plant-mPLoc ( http://
www. csbio. sjtu. edu. en/bioinf/plant-multi/ ) # 17 i
g0 My & 7 T ; F Batch CD-Search ( htips://
www. ncbi. nlm. nih. gov/Structure/bwrpsh/bwrpsb.
cgi ) FEAT S 3 0 | - TBtools 1.112 B {43t
fral A Aeab 2,
1.2.3 3¢ B4 COBRA A B Rk o) =B &M =R
ity Fool X AF R A A7 4 5l il i Prabi
(https ://npsa-prabi.ibep.fr/ cgi-bin/npsa_automat. pl?
page = npsa _sopma. html ) | phyre® ( http://www. sbg.
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bio.ic. ac. uk/phyre2/html/page. cgi? id = index ) #£ 17
TRE I =R AT, Uk R A1 42 COBRA JE
K2 I E il 2 000 bp 77904 Ja 3l DX sk, A1)
Plant CARE ( hitps://bioinformatics. psb. ugent. be/
webtools/ plantcare/html/ ) ¥ 47 Wi 2 A H oo £4F
it e BLAT E B D) fiE BT AE oo, FI AT TBrools
1112 3R EAT AT AR AL 3

1.2.4 2% B 45 COBRA L A Rk 494 F 7 Rk
FAARA A A i MEME Suite 5.5.1
( https://meme-suite. org/meme/tools/meme ) Fi il
e P G PR <1 3 )5, AT TBrools 1.112 {4 it
Frof BAEA B i TR T IR R B S
T3 5 52 BUAY B Bt (fragments per kilobase of exon
model per million mapped fragments, FPKM) #J{H,
J3HT COBRA JE R 2 R AE M e 1 A2 L1 28 3F
Jorf i 2% 35 £ Bl A TBtools 1.112 {42 i 3 A
FR AR IAT AL W MEGA 11 BPFxs &
FIF 9 ik 47 22 b B, il 4B #% ¥ ( neighbor-
joining ) ¥4 #H R 4t ¢ L ( bootstrap = 1 000) , | FH
iTOL ( http : //itol.embl.de ) % #E AL B 47354k

2 R 59

2.1 i B A2 COBRA EEKEHIBU SRS
I FE A A2 4 K A S A M TP T A 24 4%
COBRA %& N 5% i 0 Bk 3 5 31, 4 5l 4n &4 K
HsCOBRA1-HsCOBRA24 , FLiJE 7 ) nl sl L 5] 1. A
PAR, FT IR A2 540 ¥ & ORF Finder 3k
PREFERRFH(E 1.B) . FIFH ExPAsy 1ELR M4 %F
HsCOBRAs Zsfits i 8 11 50 1 47 34 Ak 4 S0 J00 , 285
W 1, 24 4 HsCOBRAs & H F ¥, 8 H & LR
By 73 (HsCOBRA19) ~ 663 ( HsCOBRA14) />,
T = fE 8 494.91 ( HsCOBRAIS) ~ 73 084.23
(HsCOBRA14) Da 2 [a], 3F- ¥ 4> F 4 26 012.36
Da, 9 /~ & 1 ( HsCOBRA1, HsCOBRAS,
HsCOBRAG6 , HsSCOBRA7 . HsCOBRA9 . HsCOBRA14 .
HsCOBRA16 . HsCOBRA17 ., HsCOBRA18 ) 4 H, 5 7
4.53~6.97 Z A, NRERMA, KA 1S AMEANE
HLTE 8.17 ~ 10.13 Z (0], B MEEE H, 11 NMEH
(HsCOBRA1 , HsCOBRA2 , HsSCOBRA3 . HsCOBRA4
HsCOBRA6 .HsCOBRA7 .HsCOBRA11 .HsCOBRA12
HsCOBRA13 .HsCOBRA14 . HsCOBRA23 ) b £ i& %K
L, H A 13 AMMEABAATEE T, HsCOBRAs &

R I SRR R B T 61,70 ~ 92.37 Z i
HsCOBRA7 ., HsCOBRAS . HsCOBRA9 , HsCOBRA12 ,
HsCOBRA15 Mg /K PEE 1, AR N B KRR
H., A& A A s 3(HsCOBRAL9) ~77
(HsCOBRA16) 1~ J 1F HL 5% 3 6 (HsCOBRA15) ~ 53
(HsCOBRA5) 4,

1 #EEH1 COBRA ERREHIHEFTI(A)
REEBFT(B) 4
Fig.1 The two-dimensional code of COBRA gene
family base sequence (A) and amino acid

sequence (B) of Huperzia serrata

22 IlEAT COBRA EEREILMBEEMLES
Bk 47

5 S &8 A W & BE 7 A4S 3K P ( HsCOBRA2
HsCOBRA3 . HsCOBRA4 . HsCOBRA9 . HsCOBRA11 .
HsCOBRA12 HsCOBRA14) /35l B A 1 PEHELER
HARH TS REAEA {55 KT & B HsCOBRA2 |
HsCOBRA4 HsCOBRA14 HA7 MR GPI 44 2 & M
N i {5 5 K, 5 = Ik 2053 318 0.975 8.,0.975 8.,
0.999 8, HAIRIAL 5543 5 7T BEFE N S i 265 41 A4 Al
5542 BB A1 SRR 42 S 5 28 AR 29 A
FERRFR L] ; HAR A F 5 R840/ T 0.5, WA E
i & Bl HsCOBRAs Z W& W 2 - i )iz, 1 4
(HsCOBRA9) & i T 4 s B%, 4 4~ ( HsCOBRA6 ,
HsCOBRA7 . HsCOBRA10 , HsCOBRA23 ) 7E fii T~ M- %
&, 10 4~ ( HsCOBRA1, HsCOBRA5, HsCOBRA7.
HsCOBRA16 HsCOBRA17 HsCOBRA19 HsCOBRA20
HsCOBRA21 .HsCOBRA22 .HsCOBRA24) 5& {3 T 41l ity
¥, Hor 10 A F A M . HsCOBRA7 43l
SE LT AR R0 40 A% , HsSCOBRA10 43 9l 5 £ T
2R AR A SR AL P AR TE L3R 2,
2.3 i B AT, COBRA BEE RREMIF S

B G530 BT 45 S W8 HsCOBRAs % 3t
A7 R (& 2), 20518 COBRA [ COBRA
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Table 1  Physicochemical characteristics of COBRA gene family of Huperzia serrata
T e N -
A% REHE Noleeulwr  rggn NRERRCORIRRR BK g ek
Gene name umber o weight pl nstability Hphatic = (Asp + Clu)  (Arg + Lys)
amino acids (Da) index index GRAVY

HsCOBRA1 302 32 530.59 5.47 36.85 65.26 -0.420 37 28
HsCOBRA2 471 52 393.40 8.17 38.96 81.80 -0.042 28 32
HsCOBRA3 503 55 930.98 8.68 38.03 68.09 -0.246 32 42
HsCOBRA4 471 52 393.40 8.17 38.96 81.80 -0.042 28 32
HsCOBRAS 497 54 926.58 5.20 46.82 83.38 -0.208 66 53
HsCOBRA6 122 13 210.99 4.99 32.01 74.43 -0.009 15 10
HsCOBRAT7 120 13 043.86 5.02 31.76 78.92 0.041 16 10
HsCOBRA8 142 15 656.18 8.78 53.72 90.00 0.008 7 11
HsCOBRA9 137 15 292.54 4.58 42.90 91.75 0.120 12 8
HsCOBRA10 81 9 655.12 9.03 42.43 69.88 -0.267 7 10
HsCOBRA11 255 28 653.78 8.24 39.64 68.47 -0.209 15 18
HsCOBRA12 154 16 979.79 8.35 38.91 79.81 0.102 8 11
HsCOBRA13 342 37 845.55 8.66 39.42 75.61 -0.080 17 24
HsCOBRA14 663 73 084.23 5.05 35.02 83.91 -0.076 57 43
HsCOBRA1S5 75 8 494.91 8.74 56.17 71.47 0.128 4 6
HsCOBRA16 80 9 176.60 6.52 53.67 80.50 -0.094 77 7
HsCOBRA17 127 13 913.37 4.53 47.61 71.34 -0.412 22 8
HsCOBRA18 174 19 703.91 6.97 46.39 84.08 -0.010 12 12
HsCOBRA19 73 8 531.23 10.13 61.70 80.27 -0.255 3 13
HsCOBRA20 141 15 644.73 9.57 65.95 61.70 -0.397 7 16
HsCOBRA21 119 13 578.72 9.52 42.76 65.55 -0.606 13 21
HsCOBRA22 232 25 716.16 8.47 51.62 73.10 -0.656 29 31
HsCOBRA23 194 22 823.72 9.23 18.98 92.37 -0.343 24 30
HsCOBRA24 130 15 116.39 8.95 61.45 85.38 -0.189 6 11

superfamily , PI31_Prot_N_, PI31_Prot_C, PI31_
Prot_ N superfamily | RING _Ubox superfamily | TilS
superfamily ;. H: #7, COBRA 5 COBRA superfamily
Oy AE 4 A EE A TR X TR R DN W A T
LB, Bk HsCOBRA1 #5472 45 F A1, 13 A~ 2R
I ( HsSCOBRA2 , HsCOBRA3, HsCOBRA4 , HsCOBRAS ,
HsCOBRAG6 , HsSCOBRA7 , HsSCOBRA8 . HsCOBRA12 |
HsCOBRA13, HsCOBRA14, HsCOBRA16, HsCOBRA17 ,
HsCOBRAIS) fiUAT 1 ANZE Ik, HoAx 10 4~ 3 U 4S
ek,

2.4 R AT COBRA EERKE ZRKEHWS T
FIH Prabi B X e /2 142 COBRA FE R %
AT SR , % 3 45 SR % ] HsCOBRAs &
) 2 235 46 349 ol TC D0 46 i | o B 5E | A8 K B
KB W & AL, B i LS IR 4 0l 46.02% |
29.34% .18.95% .5.70% , 6 >4 F (HsCOBRAI0
HsCOBRA19 HsCOBRA20 .HsCOBRA21 .HsCOBRA22
HsCOBRA23) "' o BRE 5 b fe K (/5 38.27% ~
58.25%) , HAR N TR 4 il 5 4y HsCOBRAs 4R
A ) TC RN il LA K (7 38.67% ~64.29% ) 5
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Table 2 Subcellular localization and signal peptide analysis of COBRA gene family of Huperzia serrata
{55 ik {55 ik
SV 2 7 57 5 RE L 8% P 24 0 A5 5 RE L) iR
A . HH .
. Subcellular Transmembrane Signal . Subcellular Transmembrane  Signal
Protein . . Protein . .
location structure peptide location structure peptide
index index
HsCOBRA1 4 i A% 0 0.000 8 HsCOBRA13 2 i 0 0.002 5
Nucleus Cell membrane
HsCOBRA?2 £l 0 1 0.975 8 HsCOBRA14 £ i 1 0.999 8
Cell membrane Cell membrane
HsCOBRA3 2Jfl 0 1 0.000 3 HsCOBRA15 20 i 15 0 0.001 0
Cell membrane Cell membrane
HsCOBRA4 1) ais 1 0.975 8 HsCOBRA16 A0 A% 0 0.000 1
Cell membrane Nucleus
HsCOBRAS 4 M A% 0 0 HsCOBRA17 il M % 0 0.000 1
Nucleus Nucleus
HsCOBRAG6 g Ak 0 0.000 8 HsCOBRA18 21 i 5 0 0.000 4
Chloroplast Cell membrane
HsCOBRA7 O N0k 0 0.000 8 HsCOBRA19 i)k 0 0
Chloroplast, nucleus Nucleus
HsCOBRAS 2t J 5 0 0 HsCOBRA20 il % 0 0
Cell membrane Nucleus
HsCOBRA9 2t Jf BE 1 0 HsCOBRA21 I M A% 0 0
Cell wall Nucleus
HsCOBRA10 S NIRRT 3TN 0 0.075 1 HsCOBRA22 i A% 0 0
Chloroplast, peroxisome Nucleus
HsCOBRA11 £ i 1 0.000 1 HsCOBRA23 - A 0 0
Cell membrane Chloroplast
HsCOBRA12 £ i 1 0.000 1 HsCOBRA24 2 i A% 0 0.000 3
Cell membrane Nucleus
COBRA superfamily
- PI131_Prot_C
HsCOBRAS—
- PI131_Prot_N superfamily
) (7 RING_Ubox superfamily
HsCOBRA7—-—
TilS superfamily
HsCOBRAS.
HsCOBRA12-
HsCOBRA13—
HsCOBRA16——(1)
HsCOBRA17— (T
HsCOBRA18—
5 3
0 100 200 300 400 500 600 700

2 IEEAT COBRA EHE K ik & ¥ 5 75l
Fig. 2 COBRA gene family domain prediction of Huperzia serrata
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Table 3 Secondary structure analysis of COBRA

gene family of Huperzia serrata

o BRI

SER B P Bl

I Alpha  Extended P T Random
Protein helix strand Be(t i/bn;m coil

(%) (%) (%)
HsCOBRA1 20.86 14.90 3.64 60.60
HsCOBRA2 14.44 23.35 4.67 57.54
HsCOBRA3 19.68 21.47 4.37 54.47
HsCOBRA4 14.44 23.35 4.67 57.54
HsCOBRAS 43.46 9.26 3.02 44.27
HsCOBRAG6 31.15 18.03 1.64 49.18
HsCOBRA7 26.67 22.50 5.83 45.00
HsCOBRAS 32.39 14.79 7.75 45.07
HsCOBRA9 27.74 22.63 6.57 43.07
HsCOBRA10 38.27 20.99 14.81 25.93
HsCOBRAT11 17.65 20.39 3.92 58.04
HsCOBRA12 19.48 13.64 2.60 64.29
HsCOBRA13 13.45 23.39 4.09 59.06
HsCOBRA14 15.99 22.62 4.98 56.41
HsCOBRA15 16.00 33.33 12.00 38.67
HsCOBRA16 26.25 22.50 7.50 43.75
HsCOBRA17 33.86 8.66 4.72 52.76
HsCOBRA18 25.29 21.26 2.30 51.15
HsCOBRA19 57.53 5.48 4.11 32.88
HsCOBRA20 43.97 17.02 7.80 31.21
HsCOBRA21 46.22 16.81 9.24 27.73
HsCOBRA22 48.71 10.34 7.33 33.62
HsCOBRA23 58.25 16.49 1.55 23.71
HsCOBRA24 12.31 31.54 7.69 48.46

A E AW B Prd b i i el fe /N (5 1.55% ~
14.81%) .
2.5 lEBAT COBRA EEARK=REHSHT
FIH phyre® B4 XTie 2 A 42 COBRA 3R 5 1%
PG HEAT = AR T, 3% 4 Rl 3 45 SRR B 24
MEAIA 19 B =R A5 BA | HsCOBRAT 2 Kk
% L 1 % 25 (81%) , HsCOBRA13 . HsCOBRA16 |
HsCOBRA19 . HsCOBRA24 ¥ H. 4 /K fi% Mg 45 ¥,
HsCOBRA1 ,HsCOBRA6 . HsCOBRA7 ¥ EL A /K fi#t
fitg 0 #1 7 45 A, HsCOBRA2, HsCOBRA3,

HsCOBRA4 HsCOBRA14 4 HA kKb & W45
HsCOBRA6 .HsCOBRA7 .HsCOBRA17 J¥ 1] [w] Y 1k
4 99.9% ; HsCOBRA6 Fll HsCOBRA7 %5 [ F) — 2%
kg AL, o] RE H A M L R W 2 T RE,
HsCOBRA1 F1 HsCOBRAS = & 45 4 5 %1 [w) I8 14
4 100% .
2.6 B2 A2 COBRA ERRKIFREATHS 7
AR FH T A 43 B 45 5 87, HsCOBRAs 3545
45 P EAT yReE R R A E T (B 4) o o,
A 22 FAE o2 5 6m I ( MRE ,Box 4, G-
box , ACE | circadian , AE-box , GT1-motif | Sp1, 3-AF1
binding site, CAG-motif, GA-motif, Gap-box, TCT-
motif . chs-CMA2a ., GATA-motif , LAMP-element , Box
Il . I-box. AT1-motif, ATCT-motif, GTGGC-motif
TCCC-motif) , #4r ARG S 5 A KA
( CAT-box ) FIARFLFE 1K ( GCN4-motif ) JZ 1 i il 7% R
(ABRE) . A K 2 ( TGA-element ) | 75 2 25 ( P-box .
TATC-box) 7K #% 2 ( TCA-element ) F I =X A F oo
1, A B A e 10 IR 48 ( ARE) | %80 ( GC-motif ) |
T (MBS) KR (LTR) 25 BR85 i4 I XAE F ook,
CAAT-box TTIFMEUE I 2 (306 1) , )i 8l F Fi
5 DX BRI AR T, 0 A TR A &
HRIEAE M A% 0 05 3 X AE B JC 14 19 TATA-box
(206 1) &5+ 2iES MYB 454 7 589 MBS
(721>) . HsCOBRA18 Jr & )it =X /E F oot 2
(78 4~), H W i HsCOBRAL4 (75 4~) #I
HsCOBRA24(69 1) , HsCOBRA7 FIr & A4 I =X 4
el R (10 A>) o 43 AR FH T A AE — 2% 4R
H & 78, Wl TCCC-motif ( HsCOBRAS ), 3-AF1
binding  site  ( HsCOBRAI2 ), GTGGC-motif
( HsCOBRA17 ), ACA-motif, Box II-like sequence
(HsCOBRA18) ,Box I (HsCOBRA19) , ATCT-motif ,
AT1-motif, A-box ( HsCOBRA20 ), GA-motif, ACE
(HsCOBRA23) ,TC-rich repeats( HsSCOBRA24)
2.7 iR AY COBRA EARERTFTEF O
HsCOBRAs {57 5E 7 45 R R W i KL &
6 FPERSF I, fiv &4 i Motif 1-Motif 6 (& 5, 6)
Ho A 13 &AW A Motif, 3 4~ &E M
(HsCOBRA2 HsCOBRA3 HsCOBRA4) fif & Y Motif
% ¥ 6 By 7 A~ H (HsCOBRA1 HsCOBRAS |
HsCOBRA7 .HsCOBRA9 .HsCOBRA10 .HsCOBRA12 .
HsCOBRA24) A 1 Fl Motif, Motif 6 43 fi) , H
UK Motif 1 Motif 3 Motif 4, Motif 3 54 12 BEARSF
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Table 4  Tertiary structure analysis of COBRA gene family of Huperzia serrata

P,
Protein amino 2:.lCIdS and Model (%) ’ Model name
proportion (%)
HsCOBRA1 135(45) c2vi8B 100 JK f B 7] Hydrolase inhibitor
HsCOBRA2 59(13) c6f7eA 96.0 kKIEE %) Carbohydrate
HsCOBRA3 60(12) c6f7eA 96.1 KIEE % Carbohydrate
HsCOBRA4 59(13) c6fTeA 96.0 KIEEH) Carbohydrate
HsCOBRAS 295(59) c3vrhA 100 RNA 4542 1 RNA binding protein
HsCOBRA6 92(75) c2vi8B 99.9 JK A B I Hydrolase inhibitor
HsCOBRA7 97(81) c2vi8B 99.9 JK f M7 Hydrolase inhibitor
HsCOBRAS 63(44) ¢5zwo0) 79.4 3542 Splicing
HsCOBRA9 11(8) dlv6ga2 36.0 Tl B i 3 A2 AR RELE R 3R Glucocorticoid receptor-like
HsCOBRA10 14(17) c2kivA 74.9 SA4 M Tsomerase
HsCOBRA11 101(40) dlexha 87.9 RIKAL G W45 438 Carbohydrate-binding domain
HsCOBRA12 35(23) c6qk4B 26.8 %1 Lyase
HsCOBRA13 96(28) c2rttA 90.4 JK B Hydrolase
HsCOBRA 14 59(9) c6f7eA 96.5 WAKALAY) Carbohydrate
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