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Regulating elements and expression analysis of
PIN3 gene in Brassicaceae family
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(College of Bioscience and Biotechnology, Hunan Agricultural University, Changsha 410128, China)

Abstract A total of 18 homologous PIN3 genes were identified in 17 species in Brassicaceae family based on genomic
data available including Arabidopsis thaliana, Capsella rubella, Brassica rapa and Brassica oleraceaetc. Gene
sequences were subjected to bioinformatics analysis and light-, hormone- response elements and stress-response
elements are differently contained in the gene promoter as cis elements. The auxin-response and geotropism response
elements are conservative among the 18 homologous genes. The promoter of PIN3 (CbPIN3) from Capsella bursa-
pastoriswas recombined with GUS reporter system CbPIN3pro .. GUS and transformed into Arabidopsis thaliana to
investigate the specific expression model of the homologous gene. By comparison of GUS staining,it was found that the
CbPIN3 gene displayed same expression pattern with the chip data of PIN3 in Arabidopsis. However, the expression
pattern of CbPIN3 varies in some tissue. This might be related to the differentiation of auxin polar transport regulation in
plant morphogenesis. The differences in expression pattern of PIN3 between Capsella bursa-pastoris and Arabidopsis
thaliana were adaptive evolution in the Brassicaceae family.

Keywords Brassicaceae family; PIN3 gene; promoter elements; expression

TFAE B} (Brassicaceae) MY 2 o i Bl e )~ WU RS FR 0K R DL SR I 2 K TR I A5 R S R
MR Z — 204 338 J@ 3 700 F, b5 24> VR WM Em s i gAY . Bar. 54
FhAE MR RSO R E R . FE R BLE A 17 AR T AT o8 R
I Z 3 i B Z BRI 2E BRI R 455 i . FRIRA STk A SCHIF o B A4 T R DR B

Wk HH . 2016-06-27

SATH: WA RE T SR E S S S IR H (15K060)

WA ZEE, W54 E-mail : 15974267467@163. com

WIRAEE . k30, #z, FENF MY F AW 4% , E-mail . xwzhang@hunau. edu. cn



573

EEES . +FAERMEY PIN3 8 o004 & 3k b 25

MR I S i 1 A2 5K R ks
FH PIN(PIN-FORMED) , i EL A Rk A 8 4 ik
TR AR R AE Y KR E RUE & E 0 O
P sl a6 AT A AL A 9 ik DR B 43
A KRR S AR PIN S B n] DLy PR 26, —
HIE BA K KR PIN & (1, — 28 &5 2K
PIN & [, fEX} PIN & (1 dE LB 58 & B, 7EAE 4
5 Ity Bl 24 A A9 2 b % B B I A 2R PIN ZE B
(oA AEY B B S PIN R (140 i 8 2 i |
BT -  PIN 2 R 5 SR K B PIN 25 i B
(9 PIN & 1 2K 319 PIN & (159, ;i 4
A3 B PIN 18 75 A2 3R A P 1 1 A4 20
JREE b PIN 25 A 5 40 ) A 4 28 1 52 i, PIN
TE J5y 5 B AN X BR 43 A T B0 K R B BT 8 DL
T T ERMERZWREMEN @ MR, 25
MWW Z Ak E SRR GE NIRRT B E AT M
A PIN 2 AT (14 2 1 5 R v AE b fiE
P PR A IR I S MM ES . BT AR
[l ) PIN 2 (1 0 5 47 f AS [ i Dy i Fv PING 32
B2 5 A0 8] AR R B9 R [ I L A T 2 R
SHEREWEEH. S SHEYSEENRE LY
AN . PIN3 A F:4: K K 1w & S 4EH w1
e P 32 By 5 BOUR TR A K AN X BR 4 A 5 R R
PURE TG0 0 R IR 25 il A A e 2
B PIN3 BePN 22 5 PR 3R 35 F PINS i AR 7 0 A &
FAERKEARXTFR A& . PIN3 "z & 54
KEGFSHENS  EHYBELET IS
B # AE E R T T B 2 i e A S A
ML A EE S 5%, PINS TR IR MY AT
FAF AL BT b A F EE A

T A PIN3 AH GBI 5% K LU AR Wy 90U 5 I
I G047 (2 H §i & BT F AL R R [R5 9 F 8] 47
T 2GS E 02 7, B H 5 7 HLEAK IHFH 59
W, PINSERZ5HEYIESERMEZERKE
BHTIE L FAERE PINS i 23K 8 45 50 i 85 4 R
[vi] 0 A [ % 245 A B 22 5 19 i — 2 A 5% LA IR AR
. ASHESE R B 58 03 4L e i 17 B+ e
A Y 5L N e 0 8 L % i 18 A4 PINS (1 [A]
FEL AU H AN & A 2 A PINS SEH . Xf
Y1) 18 4 PIN3 JEH g 8+ 47 7 =X 46 H oo
PRSI 43 B, I iR T S SE SR PINS JE L R H
ERFEB S FRAME T GUS R FXME R
4t AERLRE T b O R LA S M A A A L e T

HR GBI R EL LR,
1 #MBEFE

1.1 #ay
FHE W R 37 (Col) F 16 h JeHE .22 °C
RS 6026 ~70 20 i Jid 2 Fh AL . 553 PINS JE [
Ja 375038 & [ IR 514 PCR §7 38 13045 5 15l e v
Fie il F 9 PCR 33 PCR 7=y [l i 328 301 & 0 5 b
PEEGAN G [ A RAR AR A R 2wl FR
il P DD AT T4 JE HE R H Fermentas 23w, #H
Yy GUS e #ifk pBI121 AL 5245 % fR AT
1.2 F#i&
1.2.1 +5## PIN3 AR &3 F 55 6 K AF %
A8 % 2 7
M NCBI %u#5 JZ2 f1 Brassica Database (http://
brassibrassicadb. org/brad/index. php)M* 1 DOE
Joint Genome Institute Chttp://jgi. doe. gov/) %%
P BT B A AERE 17 AWy b iy 4 58 A Bl AR s
DIl It PINS Jp 3] £ $e W 5 PIN3 KL, 345 +
TR 17 AR AL 18 4~ PINS 3 [H Ff 51 K A A5
BRI [RIB  TE F X Aok AL T 44 R
MR E F R4S a4 (R D, H5RERA
JFHI L PINS LA 345 L3iF 1 500 bp (4% 1 iR
741 . 8K )5 il 3 Plantcare # {4 (http://bioinformatics.
psb. ugent. be/webtools/ plantcare/)"" %} §3 5l 7 ¢ 41|
AT A T4 53 A [ B3 A 318 5 7 A 90 48 s 1Y
A=K R RITER g e 0 R DG R A e R R P S R Y
Bt BB AR L AR A DG AE B Excel 4K
PR AT IH 9 A L3R
1.2.2 #é 3 PIN3 R B E R KK FHo
M\ Arabidopsise-FP(http;//bar. utoronto. ca/) Fll
TAIR B %% 3 AtGenExpress Visuali-zation Tool
CAVDM R i U R I PINS CAT1G70940)
BERAE & A 2 1 3858 B0H AR 8 AH OC B840 4l
Excel il {41 B
1.2.3 F X PIN3 XA W B3 F GUS % & Kk
PIN3pro::GUS #4044k 49 35 43 & GUS
F e
IR E A MBFSE &I PINS ko &
BTG RS EWRAY 1 500 bp L T AR5
SERE TS PINS KA 3+ 25 1 500 bp, Jf44 H
H A pBII21 &, B GUS g 45 5 X AT Y
35S B 7. M@ T CobPIN3pro:.GUS # 1k, &



26 bR R R R

2017 4 55 22 &

T FL T A A I 19 i B R R R Tk A R
e NARFFE GV3101, 4R J5 i 1 16 17 4= 4 19 Jr 15 5%
FEANFE I (Col) i 53 R R 85 2 i (Kan) 0 1 15 2]
AL RE . M EEZ PCR #6056 3F H 4L,

Y A DN B P ) 2 Ak AL R I 40 RS R O AR A
T AR F F 2 Kan® BFFT & & i8R L. BURh
T & 0 B v DL B TR0 1 A8 R UE AT GUS K .
90 % i FI¥A TR B ¥ 90 10 ~ 20 min, JKIG L E . SR 5
FH 5 TR 40 2% vh R Uk 2~ 3 WK, BB A RHIZ M B B Y
filfr 0y GUS Je i s T &% il 25 30~ 60 min

J& .37 CRMEHCE SR B R GUS Ze .
R T T A B 6~ 8 h, SR B 4 i [ E
WS 1T T00 0 CEEBLE 6 h S8R Tk
RTAT S AR - (E S

2 HRE5SH

2.1 17 #+-FRAEDPEEH PIN3 BiREEE

L7 B AR R P rh 2 % i 18 4> PINS
(] 5 AL B W R S 5 2 A (W] R A A
P #s LA 1A RTR A

£1 +FHAMPIN BEZERBEER

Table 1 The information of homologous PIN3 gene in Brassicaceae family

Wb E- P TR

Species Gene name Gene 1D
[SETREE=PiN AaPIN3 AA_scaffold4006_35
Aethionema arabicum
BE - F T AIPIN3 Al _scaffold 0002 1774
Arabidopsis lyrata
T AtPIN3 ATI1G70940. 1
Arabidopsis thaliala
H i B BnPIN3-1 GSBRNA2T00072118001
Brassica napus
H i B = BnPIN3-2  GSBRNA2T00102427001
Brassicana pus
i BoPIN3 Bol016172
Brassica oleracea

E-3 BrPIN3 Bra016173

Brassica rapa
EMFEH BrfPIN3  DBrara. G02422. 1
Brassicarapa FPsc
Boecherastricta BsPIN3 Bostr. 10273s0258. 1
W 38 FE COPN3 JF966673. 1
Capsella bursa-pastoris
KIEFHE CgPIN3 Cagra. 0147s0051. 1
Capsella grandi flora
e 2 d CrPIN3 Carubv10019932m
Capsella rubella
NI &3 CsPIN3 Csa07g037850. 1
Camelina sativa
Leavenworthia alabamica  LaPIN3 LA _scaffold743 28
/NER ST ThPIN3 Thhalv10018257m
Thellungiella halophila
M EETT TpPIN3 c0012_00416
Thellugiella parvula
I TsPIN3 Tsabg28600
Thellungiella salsuginea
K3 SiPIN3 SI_scaffold427_37

Sisymbriumirio Linn
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Table 2 Element analysis of the 18 PIN3 promoter from 17 Brassicaceae species
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AE-box - = - -
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GT1-motif —
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Hormone response elements
TGA-element - - - - -
GARE-motif - - - - -
P-box - = — — J1
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TE J& 81+ Promoter

Element 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

TCCACCT-motif - - - - = - = — J1 - - - = - - - — =
TCA-element J2 J1 J2 - J1 J1 J2 — J2 J1 — J1 —
CGTCA-motif - - - - - - - — 1 JlJl = = — J1 - - -
ERE S B

\

\
<
\

\

30 W 7 A G TG A

WUN-motif

ARE - JirJir - - — — Ji J1 J1 J1 — — J1 J1I — J1 —
TC-rich repeats J3IJ2 — J2o — — = — J1J1 J1J2J3J1 - = = =
Box W1 - - - - - - - - - - J1 - - J1 - - - -
MBS - - - - — J1r - - - JrJy1ir - - = = — — =
HSE - - - - - -yl =-Jz - - - = J1 - - - -
LTR - - - - - - = - - - - - J1 - - - - -

U R T A A AL

Proteins or transcription factor binding sites
MBSI - - - - - - - - J - = - - - - - - —=
MBSII - - - = = = = = =
MRE VNNV AN NN
Box III - - - - - - = — =

HD-Zip 3 NN N N N N N e Y
CCAAT-box 2

4
\
&
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AU R MR R TT

Tissue specificity expression elements
Skn-1-motif - J v J = = = =A== =
GCN4-motif - - - - - - - - = = = = = = = = =

aS’Z’bOX - - - - - - \/ - - - - - - - - - - -

Fofl T

Other elements
AAGAA-motif NNV
TA-rich region N 2
Box E - - - - = J - - = = = = = = - - = =
ATGCAAAT O 2 Z0
Circadian - - - - - - =y = = =y g === ==
5UTRPy-richstretch - - =y - J 4 - - - = = = - 4 - J -

0
0
L
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\
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\
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TE. ¥ 1~18 fR Ik % (CgPIN3, CrPIN3, ChPIN3, BsPIN3, CsPIN3, AIPIN3, AtPIN3 , LaPIN3 , AaPIN3, ThPIN3, TsPIN3,
SiPIN3.TpPIN3 ,BrfPIN3 ,BnPIN3-1,BnPIN3-2,BrPIN3,BoPIN3) J&i 2l TIN5 3 3 v s — 3 7% Bl 2 4 7 18 7042 5 o/ 67 A & %

I [ TC P L B0 27 A N G PR A
Note: The serial number 1-18 show in order (CgPIN3 ., CrPIN3, ChbPIN3, BsPIN3 , CsPIN3 , AIPIN3, AtPIN3, LaPIN3, AaPIN3,
ThPIN3, TsPIN3, SiPIN3, TpPIN3, BrfPIN3, BnPIN3-1, BnPIN3-2, BrPIN3 ., BoPIN3) promoter; — show deletion of

homologous element;~/ show contain of homologous element, figures show the number of element.
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MR R F 3k, 655 T AL A2 4625 P ) PIN3
TR R RME(E 20D F(2), RO K
KBRS PINS AR SR 1 O Bz (14 T i 2k 45 AH X
A8 22 7K B 26 38 [ Bt o8 0 Fz A 32 35 b 77 76 AR v B0
Feik o, R ZE SR AW G 4 L R B PINS A%
Bk (] 20e)),

MBS IF PINS K [H 32 36 i A %03
(D RS E I PINS £ [H7E 47 86 8 10 & 42 4
TR A A Y R AR KT AR B IR A M R — KO
{21k IR R AR R PING ) 3 35 7K F
AT H . FEAE KR T i AR PINS 3K ) kR o]
e s T 55 L 205 /AL 0T . 76 55 U AE 1 I 1 A )
A —E B E BB - ] PINS 5
KRk EZE EJb %+ 225+ A el PIN3
1 23R KT 2O B R 7R S8 T HAE ] PINS fE AL
[ & TR KT AT RE IS B 004 . 750 T 305 1 A e
FE A8 20 20 Clfe 56 AN ) 1R 38 3K Al 52 L7 38 AR A8 2
Fik R AL RS0 0 B2 41 41 PINS (1932 35 4 IH 4
FRHAR 7K O 5 6] B 46 2% 19 46 3 PIN3 (1 3 1k 7K
Vi Em T HALA S, L iy PIN3 £k &l
b FAR KV M N R PIN3 4b 78 46 ) 1Y
FAk K 7R AR ALKy h PIN3 (% 3 35 K 1R
I, A Sk PINS 78 48 2 v i) 32 35 06 1 B i b+

Root K % J5 8 d 4 I s seedling NHf & )5 8 d 4 .

Root show the root of 8 days after germination in seedling; Seedling show the seedling of 8 days after germination.
B 1 $lE5F PIN3 B RE &AL FRIE KR E (AtGenExpress Visualization Tool)
Fig. 1 The expression level analysis of Arabidopsis thaliala PIN3 gene( AtGenExpress Visualization Tool)
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(OB KJG 8 d gl GUS e, 7 Sk Bt 48 4 B £ W A, Bar=0. 5 mm; (b) R (19 GUS Y (&, 7 3k BT 48 Jy Ml AR S 47 38 47, Bar=
0.02 mm; (ORI AKX GUS Yo a,, Hi 3k T $ig Sy 2845 20 ZUR 40 I 5L JIE 38, Bar = 0. 005 mm; (D AE)F GUS Y4, i 3k JiT 45 Jy 1E 48 , Bar =
2 mm; (e) JRER GUS 4t (a, i Sk r 48 AR . Bar=0. 01 mm; (D) .[>z GUS ¢ {4, Bar=2 mm; (g) B GUS §t {4, Bar=0. 2 mm,

(a) The GUS staining of 8 days seedlings, Arrow for Young leaves; (b) The GUS staining of root, Arrow for Lateral root initiation

place; (¢) The GUS staining of Elongation zone in root, Arrow for Vascular tissue and the basilar part of cells; (d) The GUS staining of

inflorescence and arrow points to pedicel; (e) The GUS staining of ovul and arrow pointsto funiculus; () The GUS staining of carpel;

(g) The GUS staining of nectary.

B2 3% PIN3 EFAEERNEKRESHR GUS EEWELSHF
Fig. 2 GUS staining observation analysis of Capsella bursa-pastor is PIN3 in Arabidopsis thaliala
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255K . PINS 2 AU B I A B8 8 oo A v 1 o
Z 5%,

3 W it
3.1 +=2%® PIN3 BhFHERMEN Sk
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A AERE PINS J8 3h 1 (89 20 Hr s HOE i Bz |
A ER S ) F g M ST A A 23 A R R B AT R AR
ST S SR W G R 38 R R OG0 B S £ B
Wy b 2 S o T R WA IO G AP A 3 O 7 G R A )
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ARFERPY s Luca 5% 78 15 I+ 19 96 7 14 1 2 A 1)
Aeig b & B PINS 19 3% 35, {0 [7] B JR 2k o i 30
PIN JEH )RR FHE S MG H PIN3 X IRER 1Y
KBS E Y PIN3 BR80T LM T IR BRI K &
FEAR R BAA T 28 PINS J2 75 A 7 [ R (1 1
L Fr it — 2 B BESE; 553 PIN3S 19 GUS 430 #r i
/R PIN3 K2 5 76 B i it Ji 5k 09 A s A 40 &
H AR Guenot 5 45 et & AU R I+ PINS
FE LI 1) 43 A A AURN 3 1 3 R I A R HAE T
I D 11 3R R A0 I A0 A B i Rk . HPT LA
P22 5 AR R 5 DY 1 SOk e R 4 R R
FR GBI MM B RIBKFA B EE S ER
MG g iy RAIA W AFAE 22 5, 1M1 H5$ 38 PIN3 19 3%
IR AR b TR JT X R B F 2% PIN3
LA T A SR T 1 T REFE L ek B R
RIEE T ROEN . L E By R4, W
& PIN3 J& ) 16 P58 35 Wb 360 ) 1o ¢ 2 1) 25 5 B TIE
TiX—A.
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