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BB B BRI KSR B AR, REBY, KR

R Al K B IR RS A B, Kb410128
BRI E I I T 0, Ko b410128
T SR S R LR 4 oL, Kevb410128

2 : CAXs (Cation/H exchanger antiporter) % — % & &4 [0 & T 352 445 & @, £ AN C P41, A G54E
&5 B FCL FoMn™ b LAE T TR, A2 W A P hs 2 ZAGAFR . ASAA A M1E 8367 ikt
H LA CAXK AR A AR HE NI, Abbittb. sk FED .. T4 E. RFEAF. FEAKRT2. A
LM B B B T R IRPT 4 609 XAE ) LA AT T TR A A5 B B SRR A EPCRAAT T H B A i
¥ BnaCAXst A8 R KA X B AT CA> Bhia egobi fL . 45 Rk 9, H IR E CAX K AR L 1T R, &%t
A HH7 45 B & B BnaCAXs 5 ol dg -t AL AR, FF FLEA B 34 A SA T Rk, BnaCAXs Tk A A B s 49K /K,
{34 F0.3, 255226 bR FAEF . K3 BnaCAXs¥) B FARAZMRAKES, TOLS~1IANBIELM
B ARLEMEFAR, A4 TFLE KR6~11R%, 5 EDof. MYBAAW-BOXEZ & 23 F L+ ERKeIMX
AR UM, T i85 5 2| BnaCAXHui# i3 4249984, KOBZ ZEPCRER AW, WA ECAYAR £ £ A3 T3
F.k; BnaC4.CAX1-2#2BnaC3.CAX2-2 % % Rk tit s A, 12 3|CA Mt by B 555,

X ##18): CAX (Cation/H" exchanger antiporter); H 1 &l iy 3£ ; 48 Mhi8, A 12 &%

Ca’ fEN—Fih L R MY AEK K T2
HEE T EEAEM . Ca’ IShBEAMUARELLE
T[] 24 P e 0 240 S DA 4 e 24 i 56 B 7 T iR g
ERNEE ZABE 25 B AR A )8 1) % b
& 1% " (Sanders%5:2002; QudeimatZ£2008), FH )ik
PGS AR K7 BHL I HLAR B 51 DR Bk 2 17 32 B30 2 0,
B AR AR = B ST (H.Ca” e 8 I v U 34T
WA N Ca® P, 51 EECa™ Fh 3 AR B ALK
B 5E2015), DA, 4% 40 f 5 Ca® 34 2 5 4455 40
TIRe LA K R B S5E il i+ B2 WO FE A48
i 2 B (AT B T AT, Ca B T IRV B AR
BKH T Ca™ i@l . Ca’'-ATPase (CaZZ)fICa” /H' [z
[f1] 32 75 19 (Ca” /H' exchanger antiporter, CAX)%% .,

CAXE— 8 M AE U AR b 1) %1 i
H, | ZAELE TS LAY, R BGRRR 5T
2% g Nk 1) J5R R B R 1 YU 3 ) e i
Ca”'. RIS CAXFE R F A 6K 1, FAECAXI~
CAX6. CAXI4wIBIREMCa™ /H ¥ 4512 H 1, At-
CAXIEM RIS, R ZREh REE

(Cheng%§2005). AtCAX2AEEEAN TR 3 A ik,
HEAEAE 4 G DL R 4 T 4y AE 2H 2
L 55 F1 (Pittman=52004), CAX2RE R LG, ) FIT
T X B 4 R g R, SEUE AN Ca® . Mn™
FCd™ i RFRRE J138 5, 1A CAXEE IR 5K ik LA #5
12 2 R ICHLEH B T 1 A8 71 (Hirschi%2000). AtCAX3
FERIEARA IS, cax3FA R Na FILI Fa s
RAESR, H BRI K pH I = FE U (Zhao %
2008); {HAE AR i Ik CAX3HT, R R AR A
B f2 (ShigakiZ$2002) . AtCAX47ERIN) K % K4 1
)R IK R H S, AR R IA B = (Cheng &8
2002). FEMHE it Fe ik CAX4IE R it 55 25 HR = AE A
WxFCd™. Ca’y Zn” FMn™ X a2 &, Hooxt
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Cd®™"ff) [X I & /1 55 5 (Korenkov252007). KRG 6
MNCAXsHE, B35 0sCAX1a. OsCAXIb, Os-
CAXIc. OsCAX2. OsCAX3FOsCAX4 (PittmanAll
Hirschi 2016a). fiff 50 BH, 7E g RE b R IR R I B 2
OsCAX2 VAN /KRG CAXs F [R] 357 fit 184 o P R 401 it
Sof Ca™ R 52 11 (Kamiya242005) . OsCAX4 Y fg
FEIECa™, I B HiEMn> FICu™ 25 2 R B 25 11
At /) (Yamada®52014). 35 CAXFE R A 84N ik
5, MACAX syt — K H A MAY CAXs FE R 45 147 1
Wiz B, HF B F B ia B A A E
M) & R AR (TR B 45 2015) o

H WA 2R e SR A THE R P Tz P R R
W, AR il ) B RS, R 7R R
TN BB TR e b RIEEEEH . H#
RUHZE(ATAC'CY, 1 345 Mb, 2n=4x=38)J& T+
TRl =2 S, I T7 S004EHT FSE(A'A", 485 Mb,
2n=2x=20) (WangZ£2010)5 H #£(C*, 630 Mb,
2n=2x=18) W > 5 7E H SR 1L % % &2 (Liu%%
2014), H WY K AR IR 2 AG R AR R, WS
FE DR 2H i B T R B AR X G R e
BHAOLETFF(125 Mb, 2n=2x=10). HhEITT KFEHM
SRR CAX G R R 7 A A ) R 4 8 38 A 4R
18, (B H 3R S CAXFK R R I e . T
i T W Y Y SR CAX SRR HE R 43 7 A ) 2 e Ve AN )
REXTMSRI A KR B A A EER L.

M AFUL R TFALCAXF T K 51 R, 48
RIS AR A A 2, MM 4 5 H W AL S CAX
KRR B, I T FAEV R . Rt
R FR . FER G5 DL OR~F B PR, TN 3L )5 3))
T BRI G, IR b HXECa™ e (¥ B,
B 15 AW T BnaCAXs 1) 24 ThRE B e JL A, [RIAA
B 50 H W B VH 5 CAXGR 5 H T e S (B A0 3
1 RS E*

1.1 #H

A FF 6N AtCAXFERID 5 . FEPR 20 5 %1
CDSF 41 UA K 2 18 7 515 T 2 T TAIR (the Ara-
bidopsis Information Resource, https://www.arabi-

dopsis.org/); 1543 K AH HE T 8Tl s 2 R4
B E (http://www.genoscope.cns. fr/brassicanapus/),

AR FR 7 51 T 2 T NCBIEE £ (https:/www.
ncbi.nlm.nih.gov/).

A FC % H W5 B 32 (Brassica napus L)BHR
PORL W15, el B SR E Y 2 R 58 L i e
SRt . TR RGN RS e
T¥(Arabidopsis thaliana)~ 11117 (Arabidopsis brata)
F 4 (Camelina) WHE(Citrus). % N (Raphanus). H
SX(Brassica rapa) 1 H Wi (Brassica oleracea) .

12 ZEREYCAXREERERRALEE

B 5 LAAtCAXs R 46 %1, ) HIPfam (http://
pfam.xfam.org/)f1ISMART (http://smart.em-bl-hei-
delberg.de/) 73t At CAXs 45 ) H iy FAG 1 LR (1) 25
JIES 45 #e) 38 (Mem-trans); [5] B 1 FH v 2 4 R R 4H 7
G|, # A HWBLASTHE PR, LLAtCAXs Z IR EE R )
Mem-trans /7 ¥ 14T A HBLAST (1e-003)44 &, &
RS NEM<e™, f)n MRz 5k 82 17 95 P
T35% A S S LR EE /N T 50007 41, F6s Bt Ag
S5 B T Pfam FISMART T EAG 56 fig i /7 471 5%
4 HA CAXZ G BA B SO 25 kI8, A&
DA b 26t BB R AT i 44, i 7 O H IR
AR 5 + e A 8 A+ R YR R R A FR, WiBnaC4.
CAXI-1MZFR R E N AECA T YLtk EICAXT .

1.3 HIEBUMCAXK R IR B i

H4H I Y S ) 2 R R 7 51 42 58 Z ExPASy
(http://expasy.org/)HEAT 28 HEE AN A2 &
S5 L RUANERUE RBONT- 156K 2301 53 [R]IER)
FHTMHMM (http://www.cbs.dtu.dk/servicess TMHMM/)
TR 7 I SR CAX R 1 1 5 B 45 A 3
1.4 REIMCAXZKE ARG H LR R9E

FIFIMEGA 6.0 (1] Clustal W .5 X AT 45 7€ 1
HIE MK BraCAXs T AP 5 BAETT B lr
Fy FHL M. B A H I SENCBIEE
R SR FICAX T BT 2 8 LR 40 i, FEK
JH 4B 4% 5732 (Neighbor-Joining) X 7 #r 45 R A4 i
GRART, RS IE VAT S BE FE B, FhAE IR
H¥bootstrapfH 1% & 1 000,

1.5 HIEBUMSECAXFREE E LB ELRIRT
EFoHh

I H 5 2 9 5 ) 2 R 9 5 FEBRAD U 48 2

HI R BnaCAXs K TR RIE Gtk BRI E, H 4t




598 T A P )

AL E A S, 55 A HIMaplnspect# {2 i) % [7]
PR R ARGtk B34 . MEME (Multiple
Expectation maximization for Motif Elicitation, Ver-
sion 4.11.2) 43 Hr T H 5 22 3 32 BnaCAXs 5K
T3 R 1 £ <7 22 7 (motif), H4 BnaCAXs )& H ¥ 41
$EA EMEME, 23038 40T : motif M1 & 10,
K % B N6~50 bp..
1.6 ZEREMCAXERFHWIRFEE I

I3 S 3 AR H R PR A 8
(http://www.genoscope.cns.fr/brassicanapus/. http://
brassicadb.org/brad/. http://119.97.203.210/bolbase/
index.html) 2 CAXZ % [R5 2 K ICDS /7 41,
FIFAMEGA 6.0% 4 [ Clustal W T H X} ix £ [F] Y5 &
[RIBEAT 2505 7 L X, DA fastad 24 H bt 28 591 2
PR E I, RS R 3 AKK,_Calculator
(https://sourceforge.net/projects/kakscalculator2/) 11
SR [F) IR AR (K ) AN [F] SCRAZAZR (K, -
1.7 HIER MM CAXRKIRE R LG K& B ahF X5
Freess & B AE B Tk o4

W H I AL S CAXZOR Y R R A K PP 31 B
CDS/F7%1 5 AN E|GSDS 2.0%k {4 (http://gsds.cbi.pku.
edu.cn/)RI ] 2| BnaCAXsFE R G5 MR B K o TETHSE
¥ % (http://www.genoscope.cns.fr/brassicanapus/)
N B CAXTR 5 3 PR 4R 5 Y 1 320 Kb P
B, W% F A ZPLACE 30.0 (http://www.dna.
affrc.go.jp/PLACE/) A7) #1 v] LLES &5 215 2 1 X 35k
R = A
1.8 HEAUHRECAXZEEE AT = Rk fEF
HFTIEMLE DT
1.8.1 JM3IE T R IR IR T

ARG AW B A K2 E IR 5 IR 0 i AL
M PR B 77 E kAT . E IR BOR N — L
()61 SRR 108 T 1% 19 NaClO K 1 4b 210 min, i
AR AT e E T4CCHR M T ARL24 he
BEN M TR/ T AL, KRk
WMEH-HMHEBERES LIRS+, I
Hogland & 728 7% . I E R IR KM F, iR
22°C, Y8 E: 300~320 umol-m™-s™, JEJE: 60%-~
75%, JCHEFE I 14 hoGiE, 10 hiRHE. IEW IR
T, A8 A K 210 dfE 7 b BRI T HREE,

F T CAXEER H AR IA A 2 o« s3T5 0 4
g EKE10 di, B4 #2410 pmol L™
CACLIE FR P53, DLIEH & R R IN1EN
XFHE, 6 hfE 20 b3 R EREURE; BT SR AR R i T
BT WA T R3REYEEL .
1.8.2 ERERIESH

St 5 W R S CAX SR e 5L DR 4H 4 3 ik A
BT CA™ it ()R IA AR AR, FIlF S 52 B PCRI
T T CAXFRFEF AR FRIAE DL . 7EIEERNA
J&, HPrime Script™ RT reagent KitXfRNAHF4T ¢
5t SE HFISYBR Premix Ex Taq ™ IIi# /TRT-qPCR X
N7, ARG ok R 24 4 25 AR A A U R AT
RT-qPCR % % % F20 puL{k %: SYBR Premix Ex
Taq 11 10 pL, IF. K[ 5147:0.8 uL (10 pmol-L™),
cDNA 2 pL, ddH,0 6.4 uL. MFERHN: 95°C, 3
min; 95°C, 10 s; 60°C, 30 s; 72°C, 30 s, 40 MEIR .
PABnaEFI1-a AW % . K2 ikt E & RN
AT F ik . RT-qPCR M W B3I AREL, K
FIDPS 7.05% A %) &5 Rk 47 2 7 B M dhr . P
MBI SR,
1.8.3 EFEHRJIXMLE 57

FERFLRIA M 4% 73 i1 2 i Hua55(2018) /2.
FHRAB BIE ¥ B BRI Z 4 (http://plantgrn.noble.
org/DeGNServer/Analysis.jsp), 2R 5 HHCYTOS-
CAPE v.3.2.1 (http://www.cytoscape.org/)iHE1T I< &
B3 222 ]

2 SLIGZER

2.1 +FIERMEYICAXG R E EHE N T #TEL iR
FIFHAL RS IF CAX R TA i 571 (1) 5 [ 1D 5 DA
FAIEBRT B AR R, TENCBIEE A 3¢
Bs E AT BLASTHE R 4T AT B 4%
WA BHED) S RTH 3 %2 2 T 84N R4
CAXF IR, [F)B LE S U DU A5 1 H 30 2 vl =5 Hh 4 e 3]
171BnCAXs (2), W H WA M SEAETE g #2 &
A= 35 DR 2L A oA I3 DR B AT = .
R TR Y 1 B DR 2 A K, T LB R CA X 7t fe
Z AEH AR ARAH S, CAX6IE KA
B . SRR ST ACAXGEIER —#F, H i A sE
CAXZ IR FRERI 43 RS WK, B BnaCAX1
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1 SN SRR R CAXF iR E:F qRT-PCR 5 | #1115 B
Table 1 The qRT-PCR primer of CAX genes and key genes in B. napus

Elk7) 553" I 514)(5'—3")
BnaEFI-o GCCTGGTATGGTTGTGACCT GAAGTTAGCAGCACCCTTGG
BnaC4.CAXI1-1 CTTGACCATCATCGTGGCG CCAATCCCTTCATGTAGTGC
BnaC4.CAX1-2 GACGCACAAGATGAGGATGATC CCCATGATTCCGATGCG
BnaA5.CAXI-3 ACTGAATCTGTCACGAGCCAGT TGGTGGCCACAACATACTCC
BnaA4.CAX1-4 ATTGCTGACATGTCCCTGAG GCTTCCTCAATGGTGGCT
BnaC5.CAX2-1 CTACATTCGGGAATGTGACG GCAGAAGAAAGCACAGCCT
BnaC3.CAX2-2 GAACTTGAGCACAAAAGCCTG GATTTAGTGGCGTGTTCGTGA
BnaCl.CAX2-3 CTGGTCCACTACATGATAGATAGC TTCAGTCACGTTCCCGAAC
BnaA5.CAX2-4 ACCTTTCGGTCCTCTAGCG GCCAATGGTGTAATGCCTATC
BnaA3.CAX2-5 GATACGCCACAGAGCAACTG ACCACACGTATCATTCCATTC
BnaAl.CAX2-6 ACCGTCCTTAAAAGCATCAG AAGAAAGCGCAGCCGAGT
BnaC7.CAX3-1 CCAATAACAAAGTGGCAGTG CAAACCCATAAGCAGCAAG
BnaA3.CAX3-2 ACCTGCGATTGATTCAGAAC CAGCAAGAGGTGTCAGACCTA
BnaCn.CAX4-1 GTTGCTTTGCTCTCCGACTAT AAAGATGACGGCACCAGC
BnaAl10.CAX4-2 GAACTGCATCTTGCTGTTTCTG GAACATCTGATCCATCTTCGC
BnaC6.CAX5-1 TTCCGAGACAACAACACCC ATATCCGAGACGTTCAGCC
BnaC3.CAX5-2 GGCCTCTTAAACGCTACATTC GAGCAGCGTCAGTTGTACAAG
BnaA8.CAX5-3 CCGAGAGCGAAGAAACTTG AGCACCTTCTATGGCATCG

2 WETT. HIERMSE. B i CAXGRIE A (4% DUE B o3

Table 2 Comparative analysis of the number of the CAX family genes in Arabidopsis thaliana and Brassica crops

K A My ORI CAXIRIR CAXSER CAXSIR - CAXSRR CAXGRIR
How/ A B/ B/ B/ B/ B/
R 125 1 1 1 1 1 1
biiEa 1345 4 6 2 2 3 0
H3% 485 2 3 1 1 1 0
HiE 630 2 3 1 1 2 0

FBnaCAXSW.ZJR, FLAE VTR, 7250 544
BnaCAXI. 64 BnaCAX2. 24 BnaCAX3. 24>
BnaCAX4V), 231 BnaCAXS .
2.2 HIERUHRCAXRIGEE RGHIL S

N TR A EFCAXEE A 2 181 1 2 Tk b
MARKERR, AT BIEME I IR
g FEE. MiAE. 2 b, B, HIEUAH
WA L e ) T 128N CAXFE A, 350 H:
RIERRT IR T RGO (B 1) . AR 240 4%
¥R S5 A, AT LUK 8N W b B L 7 [ 1284 CAX
R s W3S, BICAXI~CAXS, W CAXRH
SWRKAEEDMIC R R/ W BSRAH
SRG R Z T AHiT, B, AR 3C BIX = A

VIR BT L2 B CAXFE R S SR ARAE kS . EAR, 7E
AWK, K2 HCAXGIG R 955 0K AR
FE(EI), R T RN R AR A .
2.3 +FIERMEMICAXZIR B EFAE S E D04
FEB AL A, KRS H IR IR [F) LR AL
2, KRR R CRAMA — BN, [F SCRAEAS
B EMRIEFAE M, AR R SCRAR N 52 2] 5 28 ik
FEIIPE . KK PR AT AT F A e A T A
e AR I TR . MK/KR T
I RO AT IR RN, RV AR AL 2 B #E KJ/K,
ST IR PR K/K N T IR A 44k
HFEAE, BT H SR AZIZ 7 B (Nekrutenko 5%
2002). Ay 1 HWEAEH T A AERHEY) CAX S K
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Fig.1 Phylogenetic analysis of CAXs family in eight plant species
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2.4 HIERMITCAXKIERK RIBULAF A

H A S LS 174N CAXRR A, HF A
JRFEAAS B E2. 171 BnaCAXs A TH9wts 5
F| 55 ) & BnaCn.CAX4-1, K- M1 164 bp; B KK
FEBnaA3.CAX2-5, KJ&ik1 503 bp , Pi& 4> Blgwts 1
387THNI500 N Z AR o« H W5 B Y =2 CAX SR i o1 1Y)
Sl AL YE 4,71 (BnaAdl.CAX2-6)~6.67
(BnaCn.CAX4-1). KiBor BUR FIATRE REI /N
T40, RfFBnaCl.CAX2-3. BnadA3.CAX2-5.
BnaAl.CAX2-6f1BnaCn.CAX4-1#1BnaAl10.CAX4-2
SR A Gt B R I B AR E M, H R E
BnaCAX2F BnaCAX4PAN 2K i 51 o H 5 AL
SPTH AR5 K R N IEE, R A
wEABETERAKER, REEKEE XN —,
TMHMM Server v.2.05 X BnaCAXs £ H 1715
JEEE R o BT, 45 AR W17 BnaCAX s ot 3560 75
8~111M 8 i g K 3o
2.5 HIERUMICAXRRIREFE R A ERL

9T R O 5% H W T 9 S CAX R iR L R
(17341, FAT TR I MapInspect 8 {22l 1 et i 7>

i B (E3) . H s Ay e R 20 L & ARIC AN T
FNAH, 170 BnaCAXsFHE R 5 5l i A (E6 56 A e
R(A1. A3. A4, A6. A8. A10)FI74CYLthik
F(C1. C3. C4. C5. C6. C7. Cn), AZ:fOfk
FCYL AR 53 AL 5 8N FN9NBnaCAXs »
2.6 HIERUMRCAXFKIER AR TEFEES 7
H I AL R CAX R 50 il 51 4% FR S 4 RS I
CAXZ 5 () AR M v] R 4 N CAXT~51X 542K,
EV R (B BT HIE AR K ESR . N
T HIE AL SECAXER A R A AR X 3, 3R
TR FAIMEMEX H 5 B4 3 32 CAX R i 134T 1
PR JE 7 0 FI0M AL 43 4, LR 5F 25 7 (motif) (1) % B
JE A0, Tl 25 R4, FrBnaCn.CAX4-1LA
ANEI164 BnaCAXs i b 4 5 2 (A 34065 At 7
FITOMESE X B . BnaCn.CAX4-11HR K1 751
T 74 R 57 57, AEFE3. 8. 101X =4
H7 (Bl4-A)e HIERTIHER L, 2, 4, 5,
6+ 7 9IXTANEE T A A v S CAXF R 0 4
TE 71 (Kl4-B), 7T LAE N %55 BnaCAX R IR 1 51 )
A

3 H W RS CAX R AR R S B

Table 3 Information of the CAX family members in B. napus

ST A éﬁggﬂf AR E;ﬁ; bt R ]F;ﬁ;* B L
BnaC4.CAXI-1 BnaC04g45720D 1398 465 50 398.92 5.50 33.42 0.578 10
BnaC4.CAX1-2 BnaC04g07160D 1398 465 50 293.76 5.64 32.88 0.567 8
BnaA5.CAX1-3 BnaA05g06490D 1398 465 50 287.75 5.52 33.05 0.563 8
BnaA4.CAX1-4 BnaA04g21850D 1398 465 50 341.87 5.50 33.31 0.589 8
BnaC5.CAX2-1 BnaC05g40050D 1278 425 46 586.54 4.81 38.18 0.593 11
BnaC3.CAX2-2 BnaC03g37860D 1383 460 50 358.64 5.04 38.93 0.492 10
BnaCl.CAX2-3 BnaC01g37750D 1320 439 48 016.25 4.79 41.91 0.572 10
BnaA5.CAX2-4 BnaA05g26020D 1323 440 48 207.55 491 39.26 0.596 11
BnaA3.CAX2-5 BnaA03g32760D 1503 500 55 003.20 5.39 40.06 0.469 10
BnaAl.CAX2-6 BnaA01g29870D 1329 442 48 306.44 4.71 40.95 0.546 10
BnaC7.CAX3-1 BnaC07g32560D 1278 425 45 887.11 5.98 37.48 0.690 9
BnaA3.CAX3-2 BnaA03g41510D 1383 460 49 829.33 5.57 37.67 0.532 11
BnaCn.CAX4-1 BnaCnng03980D 1164 387 42 523.74 6.67 47.08 0.399 8
BnaAl0.CAX4-2 BnaA10g27650D 1467 488 53277.35 5.89 45.52 0.491 11
BnaC6.CAX5-1 BnaC06g11060D 1326 441 48 281.55 4.86 35.39 0.601 9
BnaC3.CAX5-2 BnaC03g70750D 1236 411 45 192.98 5.02 35.57 0.632 11
BnaA8.CAX5-3 BnaA08g00350D 1236 411 45177.92 4.94 34.53 0.639 11
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Fig.3 Chromosomal location of the CAX family gene in B. napus

2.7 HIEBUHRCAXR RER ST REBE
FALE Freess & W AE A Ttk o T

AN - BT I B RN Gh R i R 3R e
RUERC . A e H 06 Y I 2 CAX SRR HE R (1) 45 1)
FEAE, FRATTRI FH Bna CAXs 5% 1t 355 R 14 32 R 5 1)
CDSJ¥ 44 1 BRI 251 . 25 33K BH, BnaCAXI
M BnaCAX3W AT 53 AL & 4 F2 AN A,
KON FEFOEINNE T 10T, FEHA
BT A B LA T SR B RR 1 K (15-A) o TR 3
HAME F-W & TR H MM b, BnaCAXIHI
BnaCAX3 FILH — 80, R IX AN T 5%k T 4k
TEREACA B [F] — A Ko i, R ¢ &R
T HHIE (B D). BnaCAX2W AT 6/ B, {H R

T AR . BARTT F, BnaCAX2-16,5 84
W1 9NIMNLT, BnaCAX2-2%3|BnaCAX2-445;
10NN & IANAMNE T, BnaCAX2-5F1BnaCAX2-6
BENNHETF. RMMNETF. B TFIEEEF
] B8R L PR Ik B B 2 1k Ak = M) (Hua%52018)
BnaCAX4-1 A G560 NE T TR T, T Bna-
CAX4- 205 NANE T 120908 T BnaCAXS
WK EG 3N, BnaCAX5-16,5 104N &
A HANE T, BnaCAX5-2F1BnaCAX5-3015 9N
T 10NN T

¥ 5% [K F-(transcription factor) A PA%E & 31 3
Ja B DX AR A R A b, e R A R R A
FER] 7 EEAEM . AT H IR AN SECAX K
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Fig.4 Phylogenetic relationships and characterization of the conserved motifs in the CAX family members in B. napus
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BOX1. DofFIW-box 7t 7 i 45 16 4 J& [K] e S 41

WO RE R kA T EEAR
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FEEH. EHAKEME T, BnaC4.CAX1-2 - FAEH |-
HFIE, M BnaC3.CAX2-2/E R IR IE B8
2.9 HIERHFCAXR R ENEF T CA BB RY
i iz

CAXTAIN I 52 N 5E AR | 5745 Ca™
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Fig.5 Schematic representations of the exon-intron compositions (A) and identification of the putative

cis-acting regulatory elements in promoter region of the CAX family in B. napus

Ca’, CAX2FICAX4iLE#ti2Cd™" . Mn®", Cu™',
Zn" 44 JE B 7 (Yamada2$2014). Cd™ 2 1L KE 4
JBILER 2 —, EIKE CA 23k AE Y I i A G
B5 2%, FEDONARIH; FxH Y AR G 1)
SN R IE ISR RAEK K E, (482 P57,
FET A, RO A SR 2R 2
TEYDFET o SN T Hf e H R 28 3 S CAX SR e 5 TR o}
Cd™ e i 5, FAT15 B E T BnaC4.CAX1-2
H1BnaC3.CAX2-2W N EHFENECE B ELMET
R KL E. 4R (ET7)RIBnaC4.CAX1-2F1
BnaC3.CAX2-2{W#1E¥%Z F|CA* 15T . BnaC4.
CAXI1-27F b 3 RUAR 36 1) R ik 22 B Cd*> 1) &
S, B EEO AR 2.3 151384

BnaC3.CAX2-21E T # i) F3E f5 BN R E 3.9
5, ZESEAE R . BT L, H I R SR CAX R
HNRA T EES 5 2P N Cd™ il i 2
3 TWig

HE A S B ST R I AR R 2, X
CAXF R FHAT REM M i S e R A EEE
o FEEAYE B BTN FH A AW KR,
TR B e R 2 25 1) S S 0 AN (7] 32 DR 5 IR iR AT 40
Mt CL BB FE 3 R T BE AR . CAXERIGCa /H
RIAERIE R A, (E4ERF I IuCa™ IR IE, YN

X IR EE B8 KA AR o AR RS T A KA
%5 36N CAXZK ji i 72 (Pittman flHirschi 2016a),
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Fig.6 Expression profiling and co-expression network analysis of the CAX family genes in B. napus
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PEYS B 455 B BnaCAX R R R K A 20 T, B
K AFEDof, MYBAIW-box 2% (4]5-B), iX L8544
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P2 R B Cd i 32 M (Zhang%52016) . 7ECd™
JolE 2t T, WS TR ArCAX4I 31k 3 32 5 (Mei
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Identification and bioinformatics analysis of CAX family genes and
their expression response to Cd’’ stress in Brassica napus
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Abstract: CAXs (Cation/H" exchanger antiporter) are a class of secondary energised ion transporter that pri-
marily functioning in mediating Ca>" transportation, which play an important role in transporting Cd*" and
Mn”". However, they are rarely studied in Brassica napus. In this study, the bioinformatical methods were em-
ployed to predict and analyze some bioinformatical parameters of BnaCAXs, including copy number, phyloge-
netic analysis, evolutionary selection pressure, molecular characteristics, conserved motifs, chromosome loca-
tion, gene structures and the cis-acting elements binged in the promoter regions. Moreover, the expression
pattern and gene expression response to Cd”*" of BnaCAXs were analyzed. The results showed that 17 members
were identified in BnaCAX gene family, which divided into five subfamilies as Arabidopsis thaliana. The K,/K
of BnaCAXs were lower than 0.3, indicating a strong purify selection was acting on all the BnaCAXs. Most of
the BnaCAXs were stable and hydrophobic, which compromised 8—11 transmembrane domains. The gene
structures of BnaCAXs were varied, which were disrupted by 611 introns. Dof, MYB and W-BOX were the
most abundant cis-acting elements binding to the promoter regions of BnaCAXs, which might participate in the
regulation of stress tolerance. In addition, most of the BnaCAXs were mainly expressed in roots, and BnaC4.
CAXI-2 and BnaC3.CAX2-2 were identified as the core members in BnaCAX, which were significantly induced
by Cd™".

Key words: CAX (Cation/H" exchanger antiporter); Brassica napus; Cd’" stress; bioinformatics
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