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E: [ i ] %58 KA COBRA SEHZEMDL, Zbr SRR e B ikt o sk i ohfg. [ ik ] #1
FAYE B AR ASEN COBRA ZEEFIRM T e, FXILEEH . REdL . B3l FoofffRikm
AT, [ 455 ] K3 COBRA B:FF RS 23 MR, fivs i BrCOBLI~BrCOBL23, 43 i TR AN
B 8 ALtk b, MR R F SR 0B A R 2 AT . KA SRR T H R 7 . Hi s
. HWEMIF SRR R A A% 2 147 4~ COBRA 3N, RGUH LA 2 W AL COBRA 3 K A% 57 m]
BH 8L, FEFEFIRSTEAR: (REWE T, KH3E BrCOBLI, BrCOBL2, BrCOBLIS Il BrCOBLIG6 1
KRR ENE. [458 ] COBRA & A S AILFRMRHF, HFESEFRRTEETART®E, €9
XLEILP Al e 525 W DI RE b 560 WIS Sl T4 Mr &l SR BrCOBL £ T RS 5 K AR IEA: Wy
LTINS e IEES e
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Identification and Expression Analysis under Low Temperature
Stress of COBRA Gene Family in Brassica rapa L.
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(1. School of Life Sciences, Guizhou Normal University, Guiyang 550025, China;
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Abstract: [ Purposes] To identify the members of COBRA gene family in Chinese cabbage
(Brassica rapa L.), and the gene expression under low temperature will be analyzed to predict the
gene function. [ Methods] The COBRA gene family of B. rapa was identified by bioinformatics
method, and the gene structure, phylogenetic evolution, promoter elements and expression pattern
were analyzed. [ Results] The COBRA gene family contained 23 members in B. rapa, named
BrCOBLI1-BrCOBL23, which were divided into two subfamilies according to the characteristics of
gene sequence, and distributed on eight chromosomes. A total of 147 COBRA genes were identified
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from B. rapa, Arabidopsis thaliana, B. napus, B. oleracea, and B. juncea, which all belonged to

Brassicaceae. Phylogenetic tree analysis showed that the members of COBRA gene family were di-

vided into eight subgroups. The expression analysis of genes showed that: the expression levels of
BrCOBLI1, BrCOBL2, BrCOBL15 and BrCOBLI16 were significantly increased under low temperat-

ure stress. [ Conclusion ] COBRA protein sequences contain common conserved motifs, and some

motifs exist specifically in different subfamilies, indicating that these motifs may be related to the

functional differentiation of each subfamily. According to the promoter analysis results, it is speculated

that BrCOBL is involved in the regulation of abiotic stress response and hormone response in B. rapa.

Keywords: Brassica rapa L.; COBRA gene family; expression analysis; low temperature stress

K3 (Brassica rapa L.) &1 7468} (Brassi-
caceae) = & J& (Brassica) Bi ¢, HIR T ED,
R4 KIE AT o A5 ER A AR 25 BR AL KA
S T rh E AL, HATLE T E A LTz R
B, THIE, BAFR IR, ANE TR KR
Rt b HEFRER, nalftba . 4
B s, SNEIE RS I EERL, B
AA—E M2 I ED, KRS b EE S
BERSE, EFETAZ) 180 71 hm®, 25 [ ER
AT 15%

R3¢ COBRA HEIH i i 5 Sk e i 1 JUL P
7€ % M (glycosylphosphatidylinositol-anchored pro-
tein), TEAFPANMIRELT 4R (G A . 20 L1 2 1)
LR 4R W PTAE B Pl B S, HAS
FpRe g s (1) N-Y s 5 JICR 2 & H BE AL TN
M5 (2) oKL &S G X3 (CBM) & 555
RAFEIR I HE s (3) W BEDRST AU DE &R 7 4 IX.
(CCVS); (4) 7E C-¥in A GPI A& AL s Flii /K
1. COBL % (R COBRA #& [4) #7055 /%
SRRt SRIEA TR L, DAL 4ER 1
AL FIZE L, RYE COBRA (A 7 51 AH U T
WH R 2 A, Hrb—ANE2HPY N s 5
FPIVEAS, L —4AK 45%, ShR i,
COBRA KN fi 5 5 BT UL B 7 R 440 i S Ji R
A A SR IT T Y AtCOBLA J2 U A 40D
BELFAE RS Ty, LR Sl 25 AT By 4™
AtCOBL9 W 2% 5% Wi 480 B 57 AR & 19 A K AUE 25 &
FUY; COBL2 i HINREHR AR 2 AU R T 138
RO OT WA rh LT 4 2R RIS K FE Os-
BCIL4 (COBRA-like # 1) 28748 2 F 80 A 41 g
BELT R & B AR RS B ™Y, £k
COBRA-like £ 1 bk2 AL AHMRALIFESS , 25
HI A LFAE R & i B RAR, R ™,

FERARE T . Bk, KRG B AR EAEHY)
HYE T COBRA 3 K 5 W 5% 1 08 43 591 0
12, 11, 9, 17 f124 A0 fHKH3E COBRA 2
R SE M AR B RGE . AR S 5ee ™
. B B IR BRSO % YA
Koo WFFTFE . JREEXT AN RES B SR AN LF 4
SHEA—ERN, 35 °C B F, JEgEERA et
R AR Y S me I, e 4 C IR AL
15 C AR, M e 4E £ & RIET 25 «C,
EARZSEET 25 ¢ AR HEDE
BRI R A2 N A COBRA JEH K
AT, IR HIE R RS 45 . REitk
J& B F T AR IR0 T i s AR A T 4T
DL IR ABFSE COBRA %45 1 53 Th g LA KA
TIREE T COBRA JERNHE Y £F 4 5 5 (1) 45
PEALPRISIERE

1 MR5RZE

1.1 COBRA [ 5k % 2

M+ F A6 B E W) B ¥E B (http:/brassicadb.
en/) SRBUK 3% (B. rapa, AA) . IR IT (Ara-
bidopsis thaliana). H ¥ (B. oleracea, CC). F+3¢
(B. juncea, AABB). H #&IMZE (B. napus, AA-
CC) WS H A FAH DG RAG B . AR
f) COBRA 3£H, FIH HMMER 2% (http:/hmmer.
org/) Fll Pfam (http://pfam.xfam.org/) 4 H %} CO-
BRA i HRSF 45 17860 o ffi 1] BlastP 7E
RHESEAHRE A B TR, ke (E
(e-value) /NT4ET 107, FRAF K AN At 4 F
T FAERHEDI ) COBRA FERI KGR b
1.2 COBRA H&[K| Fr 5 G5 K FI R Ge it AL 7 i

F| FHl Expasy 7E 2853 #r 8 A i 09 & L R K
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BE L RS AR RN AR R SR R A
5B PRI COBRA F% A 01 Y AR 7 B A5 B .
{#iH MEME F£/¥ (Version 5.3.0, http://meme-suite.
org/tools/meme) 43 #7 K 15 COBRA % [ Jii [+ 5
PRSI, ERUECH 18000, npy0in<10, Hi/H
MEGA-X #f%¥) ClustalW THX R FFI T
XHIEF CRIASED; RHISF422 (neighbor-joining)
PR G ZAER, Bootstrap A EE{HA 1000 Ko
1.3 COBRA FERZFRIEM b7

P2 COBRA ZEGEEA i 2 kb P HIAE
J IS BT X8, ] PlantCARE % {4 3 ok 1 3%
COBRA FJGEH:H 1) sh =S5 o

TEH IR (25 °C) TR (M. KTRG-B49)
Brarmpnt—0O0M, RSN 6 A HE
(1) 4 °C (fKIR) Zr LB 1. 4 F16h; (2) -2 °C &b
FE2h; 3)—4 CAFE 1 h; 4) KIRATEG & 6
W 1 do FALTRA P LLIE L (25 °C) AXTHRA
PR A BRI 3 A R, k7 4 21 N HE

o i Tllumina HiSeq™ 2500 il 743X} 4% 2H 4k
BRI AT SRR . TR R T
il A5 ) B Sk g 0 WS SR B ) B (fragmeents per
kilobase of exon model per million mapped frag-
ments, FPKM) ¥J{H, 7347 K H 3 COBRA 3 A
TEART TR RIR R, K H Rk TB-
tools AR A2l HA A
1.4 FOLE R qPCR ¥ K #RIE 7

W] Primer3 Bit5 1Y) (£ 1), WSHEKH A
3¢ BraActin, f# F HiScript 11 QRT SuperMix for
qPCR (i 8% ) 1050 &0 00 K i RNA 3R 4T 2 e sg
%% ¢cDNA, H ChamQ SYBR qPCR Master Mix
(408 ) 1R & 04T 7 & PCRASS: . [N &
20 uL, fUfh: cDNA 2 uL, . FiHsI¥%
0.4 uL, SYBR 10 pL, K ddH,0 #h % 20 pL.
PCR W ¥ H: 95°C30s, 95C 10s, 60 C
22's, 40 DERN . BEPRYAHRT R B R DL 270 ik
T, JH Excel FF R38R 2314

%=1 PCR3|#IER

Tab. 1

Primer sequence of qPCR

BE[H 44 SIMFSI (5'—3" IR FIK E bop
gene name primer sequence length of amplified sequence
BrCOBLI F: GCTGGACTCCTGATGGCTAT R: CGGGAGCAAATCTACAACCG 224
BrCOBL2 F: GATGCGCTTGATCCAGAAGG R: GTTGTTTGTGCTCCGACCAT 191
BrCOBLI5 F: GTCACTCAGATGCAAGCGAG R: GAGATCTCCATTTTGCCGGG 228
BrCOBLI16 F: CGTCCTAAACAACGGCAGAG R: AACTGAGTACCCACGAGCTC 240
BraActin F: ACAACGAGCTTCGTGTTGCA R: TCTGCTGTGGTGGTGAAAGA 352
2 ERESR H 24 W FK W (Groupl F1 Group2), Groupl 45

2.1 KA COBRA H:[R S % 52 K BRAL M

KIEAREE N COBRA ZIE& A 23 4N bt
(# 2), f4 N BrCOBLI~BrCOBL23, 4y AiTEKR
FISRFEH A 8 e tafk I (B 1), k27
M. BrCOBL % [ i 1Y 4> T & 7F 8.61~74.53 ku
Z I8l RHR A B B A A X A F A 45~55 ku 2
6] ; G LRI EETE 98~673 aa ZIH], A 73.91% i,
By & LR K KT 400 aa; 25 TR 5.16~
1041 Z[H], 4 86.96% MG MSFH S KRT 7. %
TE R £ %0 COBRA K1 H A7 CCVS 5 .
N 5 {5 S AR TE R o 1450
2.2 KE3E COBRA 3[R 5 (1 51 45 ¥4 S AR 57
B

& 2 AT K HSE COBRA [ Z %Al 43

13405, f14% BrCOBLI~BrCOBLI3, Group2
KA 10 b, 46 BrCOBLI14~BrCOBL23.
PR FSE 23 4~ COBRA ik il 51 i 8 A B A <1
FFF AT T (] 2a F15E 3) I BR BrCOBL3
BrCOBL4 il BrCOB20 4, HAth 20 4~ FH #B H
A motif2; & BrCOBL4 . BrCOBL13 I BrCOBL14
Hh, HAh 20 N E I E A motife, BEH] motif2
1 motif6 & COBRA K% I F#1E motif, IL4F,

H 19 MEMASA motifl, A 19 MEHSH motif3,
A 18 MEHSA motif5. motif7 Al motif8, A
X2 motif 76 COBRA & [ AH S ~F, Hrh
motif5 ¥4 Cys-Cys-Val-Ser (CCVS) 51435, Gr-
oupl H & BrCOBL4 4l , HAh &4 motif2 fl
motif3; Group2 Ff% BrCOBLI14 4, HAthX&A
motifl . moti5. motif6 Fl motif9, H. motifd H1F
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3 2 KHE3X COBRA £ [EZHE 52 AR B
Tab.2 Physicochemical properties of COBRA gene family members of Brassica rapa

R R Rk FER K E/aa B 7 Rk
gene name gene ID chromosome amino length isoelectric point molecular weight
BrCOBLI BraA03g043890.3C A03 458 8.55 51.10
BrCOBL?2 BraA09g006780.3C A09 459 8.63 51.26
BrCOBL3 BraA03g043920.3C A03 207 10.41 23.06
BrCOBL4 BraA09g006790.3C A09 98 9.85 10.30
BrCOBLS BraA05g041100.3C A05 456 8.98 50.42
BrCOBL6 BraA06g036270.3C A06 437 8.80 48.94
BrCOBL7 BraA02g039040.3C A02 440 9.15 49.39
BrCOBLS BraA10g023880.3C A10 407 9.98 45.84
BrCOBL9Y BraA03g007000.3C A03 430 9.26 47.88
BrCOBL10 BraA02g006110.3C A02 424 9.07 47.20
BrCOBLI11 BraA06g006660.3C A06 517 7.88 58.18
BrCOBLI2 BraA08g032400.3C A08 434 7.59 48.77
BrCOBLI13 BraA02g009590.3C A02 210 7.30 24.14
BrCOBL14 BraA06g034870.3C A06 73 6.80 8.61
BrCOBLI15 BraA01g020750.3C A01 660 6.89 72.30
BrCOBLI16 BraA01g035640.3C A01 668 7.90 72.74
BrCOBL17 BraA09g004470.3C A09 663 5.16 73.10
BrCOBLI8 BraA01g033000.3C A01 673 9.01 74.62
BrCOBL19 BraA03g039440.3C A03 669 9.22 74.34
BrCOBL20 BraA05g026640.3C A05 374 8.39 41.44
BrCOBL21 BraA02g009400.3C A02 182 7.24 20.05

BrCOBL22 BraA01g017810.3C A01 668 9.51 74.12
BrCOBL23 BraA08g019530.3C A08 670 9.26 74.53
M Nscosio \Lsconro || I | | arcgary |
<§;88§%% ~BrCOBLI11 <B;COBL4
o
o _Epeons | I :
= & o - = OrCoBLE | ~BrCOBLS
S
M ~BrCOBLIS i Z%Z%%%%é " [rcosian | BrCOBLI14 U-BrCOBLI2 ) )
~BrCOBLI16 ~BrCOBL6
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r30Mb ~ U
-40 Mb )
- 50 Mb
1 KHEX COBRA EEFKEARERF EHS
Fig. 1 Distribution of COBRA gene family of Brassica rapa on chromosomes
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F W]k 88 motif 1] BE5 4 WK A A9 DI RE ML (&1 2b) AT . Groupl KR A AP TR Z .
(P COBRA ZJEHA 10 MG &4 5 & 5 MLLE
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Fig. 2 Phylogenetic evolution and gene structure of COBRA gene family of B. rapa
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Tab. 3 Motif sequence and length of COBRA gene family of B. rapa

EHED el K5 /bp
protein sequence length
motifl HMCPISIHWHVKTBYKDYWRVKITITNWN 29
motif2 WTLGWEWAKKEVIWSMVGAQTTEQGDC 27
motif3 GBJTIKWDIMSWTPDGYVAQVTMENYQPYRHID 33
motif4 GNIPHCCKKTPTVVDLLPGTPYNQQISNCCKGGVLNSWAQD 41
motif5 CCVSFSAFYNDSIIPCPTCAC 21
motif6 PGYTCGPPKRVDPTKFPDPDGRRKTQAAM 29
motif7 GWAFPRKVYFNGDECVLPPPD 21
motif8 GVKFYNDPLREAGPPGNVQSEILFQKDLS 29
motif9 DIDTDTCNANAPPLLLPPDALLVPFENRTLKAKAWAKRKHMPIPKKLPCP 50
motif10 CQKKPAISDLPPERKDDKVLGKLPFCCKNGTJLPPLMDPSKSRSIFQLQV 50

ANBF, EATERNL T Groupl, Group2 % 4k
BFHaEg, Hh 8 AN & 13140
T, 2 EA 4 MANE T diE RG it sy
Brol 0. SEAb O R BT 0 3L R A5 M dAr L, iF
— IR R G A R B AT
2.3 KAZKIEZYF ) COBRA B H RS
R 4T AR S ARt d e
COBRA .t 147 4~ AR 2 SE 1R )T 5 A 44
B RGELAR (K] 3) AR A A5 3 8 4
ANEMIWL (1~ VIID, TWHFSRARE, K
3247 6 AU TE 1 W4 (BrCOBL5~BrCOBLI0),
H R 18.75%, X 6 NIRRT 3 -3k
(AT3G02210, AT3G29810 Fl AT5G15630) fii T-
[P, M e T e 25 Ti6E; BrCOBLI
N BrCOBL2 1 T4 11 W4H; BrCOBL3 F1 BrCOBL4

LT I W4 ; BrCOBLII 1 BrCOBLI2 i T4
V W4H; BrCOBLIS. BrCOBLI19 1 BrCOBL20 fii T
$VIW4H; BrCOBLIS. BrCOBLIG6 Fll BrCOBLI7
L5 VILW.4H; BrCOBL21. BrCOBL22 I Br-
COBL23 T4 VI W41,
2.4 K3 COBRA 2 [F 5 X I et oy a1 i
M & 4 F& 50 1. BrCOBLI., BrCOBL2,
BrCOBL5., BrCOBLI0. BrCOBLI15 I BrCOBLI6
FERBTER M bRk, HI358 17 5K
FEM R LR ARRIR, HEIK 5 COBRA £
IIRERT BEAEAETUAY . BrCOBLIS Fl BrCOBLIG %
RITE IR T FRA ik, 7EMURAHE N RILER
FHEE, R ENLS, HERIAE TR, BrCOBLI
M BrCOBL2 JLRTE i A FE S b G &3k, L
BAEA4C A 6h, —2 °C 4bFE 2 h Fil—4 °C ZbFH 1 h
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R4 REERERDRITHE
Tab.4 Subgroups in phylogenetic tree

WF4H subgroup

) FERHE
species number of genes 1 il 11 v \% VI viI VIII
KE3E Brassica rapa 23 6 2 2 2 2 3 3 3
FUFEIF Arabidopsis thaliana 11 3 1 1 1 0 1 3 1
H W B Brassica napus 47 14 5 4 4 2 5 6 7
HI& Brassica oleracea 25 7 3 2 2 1 2 3 5
IV Brassica juncea 41 10 4 4 4 3 4 6 5
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Fig.3 COBRA family phylogenetic tree of Brassicaceae species
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PRI 5 2 P S o AR 7 PRk 2 RG4S 2 4
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M IE 6 AT 7E 15 Fg sh ook, &4
COBRA ¥ 53 i sl F X S AR & A LRl ) 1 Aok
A~ TATA-box Fll CAAT-box TG 4034 73.9%.
73.9% Fi1 56.5% ) COBRA Ji 5T &# ARE. G-
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Note: CK. control; T4. treated 1/4/6 h under 4 °C; F2. treated 2 h under —2 °C; F4. treated 1 h under —4 °C; R. normal temperature was restored for one day
after low temperature treatment; the same group of three columns represent the three biological replicates; the same as below.
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Fig. 4 Expression level of COBRA analyzed by RNA-seq at low temperature stress
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