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#  E. WRKY 1E RSy b 2 H T A K E TS Bh REEEERH ., T i
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Abstract: As a transcription factor first found in plants, WRKY plays an important role in plant growth and
development. However, it has not been studied in Physcomitrella patens. By using the WRKY gene family data (accession
number is PF03106) in Pfam database, this paper studied the basic information of WRKY in P. patens, which included
physicochemical properties, protein secondary structure prediction, chromosome localization, exon and intron
distribution and phylogenetic relationship. The results were as follows: (1) The WRKY gene family in P. patens consisted

of 38 members which were divided into two major categories —I and I, and the conserved domains of some WRKY genes
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had mutated. (2) The amino acid length of WRKY protein was 216775 aa and the relative molecular mass was 24.5—

82.8 kDaj; Subcellular location showed that the proteins of WRKY gene family were distributed in the nucleus. (3) The

secondary structure of WRKY protein was composed of four constituent elements: o-helix, extended strand, B-turn, and

random coil ; Except for PpWRKY11 ( a-helix dominated ), the proportion of random coil was up to 70%. (4) The

phylogenetic relationship with Arabidopsis showed that the number of the WRKY family members and the way of their

revolution had changed in the process of plants’ evolution, the number of exons of WRKY gene family members were 3—

7. (5)The members of WRKY gene were randomly dispersed on 21 chromosomes without forming a gene cluster. This

study analyzed the basic structure and properties of the WRKY gene family, and it was found that the WRKY gene family

of Physcomitrella patens has evolutionary diversity and unique variability in conserved domains, laying the foundation for

subsequent research.
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B FEE 5 C2HC (C-X7-C-X23-HX) % ( Song et al.,
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TBtools T H.# 47 AT #ALAE A

2 ERE A

2.1 INIIRREE WRKY ERRER RAHE

WA X 38 A4S WRKY 505 i D3 19 £ <F 45 4 35k
JFA FEXTHS: WRKY Z05 B 5t 3222 50 S DL LK.
253 A42M) Ma(5 A2EK)  ITb(6 M3K) |
Me(5 A3ER) Md(13 )  Me(6 ANIER) |
AEGH = (C2HC BY) |, v 3 o DR A O <1 45
FIRP ) AR (R 1) .

R 1 INIIWE WRKY RF&HEBHNER

Table 1  Variation of conserved domain of Physcomitrella patens WRKY
SEH 4 R WRKY 25445 /7 571 5 5 JE AR SF A F T 51 I3
Gene name WRKY domain sequence Conserved domain sequence after mutation Groups
PpWRKY7 WRKYGQK WKKYGNK Ma
PpWRKYS8 WRKYGQK WKKYGNK Ma
PpWRKY14 WRKYGQK WKKYGNK la
PpWRKY25 WRKYGQK WRKYGHK Id
PpWRKY30 WRKYGQK WRKYGQN b
PpWRKY32 WRKYGQK WKKYGNK Ma
PpWRKY35 WRKYGQK WKKYGNK Mla

2.2 /NI HEEE WRKY EERIEH REUERS
X 0 40 B 7E L

H138 2 AT, B AN G0 I 01 ) B L 1R 7 91K
1£216~775 aa Z [0], PpWRKY25 #z /)y, PpWRKY10
K, WRKY 48 2 52 09 BRIR 55 B 58 PL(ETE
5.10~9.79 Z [al, #& [ [T i AH X 53 ot e 7 24.5 ~

82.8 kDa Z[H], SESEMRER M IE L, J34b, E T
MR A PEEE 7T LAFS 2] PpWRKY25 . PpWRKY30 ,
PpWRKY36 BEE A5 s K 14 A 35 K P, HAUE 78
-0.5~+0.5 Z[H], o E R U6 B SR K PR b | Ho A
RILTRA N K B IR, PLOC W20 i 1 3 45 S 56
B/INSEBi#E WRKY & 12 f0 o A iz
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Table 2 Analysis of physicochemical properties of WRKY transcription factors in Physcomitrella patens
4 B AL e Fiamih ot ALANHE i o ot f
Gene name PI Mnle((:il]z;rax;elght amino acid igol;l:ff;l;li{:: hydropathicity

(aa) (GRAVY)

PpWRKY1 9.71 43.1 395 Nucleus 4fl il #% -0.693
PpWRKY2 6.41 82.0 765 Nucleus 4l fi#% -0.601
PpWRKY3 8.79 75.4 705 Nucleus 4fi i #% -0.970
PpWRKY4 9.76 43.2 396 Nucleus 4fi i #% -0.655
PpWRKYS 9.10 74.2 684 Nucleus 4l i 4% -1.052
PpWRKY6 6.62 81.3 761 Nucleus 4l il #% -0.560
PpWRKY7 6.08 37.7 343 Nucleus 4l i 4% -1.047
PpWRKYS 7.68 40.3 365 Nucleus 4 ifi#% -0.936
PpWRKY9 6.71 60.6 558 Nucleus 4fi il 1% -0.648
PpWRKY10 8.21 82.8 775 Nucleus 4fi il #% -0.751
PpWRKY11 9.79 42.8 385 Nucleus 4fi il #% -0.719
PpWRKY12 5.66 55.8 507 Nucleus 4fi il 1% -0.845
PpWRKY13 5.89 41.1 372 Nucleus 4fl il #% -0.991
PpWRKY14 8.31 65.2 589 Nucleus 4fi i #% -0.759
PpWRKY15 9.75 43.2 395 Nucleus 4fi i #% -0.643
PpWRKY16 5.69 71.2 642 Nucleus 4l fi#% -0.840
PpWRKY17 9.72 42.4 385 Nucleus 4l fi#% -0.829
PpWRKY18 8.55 48.7 437 Nucleus 4fi i #% -0.688
PpWRKY19 8.45 78.9 749 Nucleus 4l 4% -0.717
PpWRKY20 7.60 55.7 504 Nucleus 4f il 1% -0.820
PpWRKY21 6.06 59.3 533 Nucleus 4fi il #% -0.754
PpWRKY22 5.76 56.6 511 Nucleus 4fi il #% -0.809
PpWRKY23 6.46 81.7 758 Nucleus 4fi il 1% -0.813
PpWRKY24 5.27 63.0 579 Nucleus 4fi il 1% -0.637
PpWRKY?25 7.15 24.5 216 Nucleus 4fl il #% -0.295
PpWRKY26 7.37 80.5 740 Nucleus 4fl il 1% -0.694
PpWRKY27 5.10 52.8 480 Nucleus 4fi il #% -0.752
PpWRKY28 5.62 62.8 576 Nucleus 4fi i #% -0.789
PpWRKY29 5.40 64.0 584 Nucleus 4111 #% -0.806
PpWRKY30 8.01 44.3 409 Nucleus 4fi il #% -0.463
PpWRKY31 5.33 57.2 525 Nucleus 4l fi#% -0.737
PpWRKY32 5.94 59.9 532 Nucleus 4l fi#% -0.955
PpWRKY33 7.79 61.2 566 Nucleus 4fi fifi 1% -0.720
PpWRKY34 5.99 63.2 588 Nucleus 4fi il 1% -0.571
PpWRKY35 5.67 48.1 435 Nucleus 4fi il 1% -0.571
PpWRKY36 8.71 52.7 491 Nucleus 4fi il 1% -0.454
PpWRKY37 8.23 79.5 748 Nucleus 4fl il #% -0.512
PpWRKY38 5.96 79.3 723 Nucleus 4fi il 1% -0.867

2.3 /INSLFEEE WRKY BERE R ik X 5 Z R 5T
¢ 3 A1, /NSE B WRKY H& R 5% % 5 1)

A 15T H D A 25 A8 TR A B (B | SE i B B-

e ToMAE ), Foh LUTC A it oy 3 24 T

4, e PpWRKY 19, /5 Hik 73.83% , K & a-
e s T PpWRKY 11 45 5 5 F i 5t A, L -
e R 5 F Ik 42.34% , CHL AR 39.74%
T3 SN R RS RN R E
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2.4 /INITEEE WRKY EE KGN R RGHNX KR

M 1 /N7 Wi WRKY B[R 52 5 i 51 19 1R 4k
B4 o] LG WRKY 3 R 5% il 5% 78 kAL Y 5
ek T A, 38 A5 R 43 A 76 AS ] i i
A ECEA T RISEER 3 A4 Ta BIEH S
A b REE 6 4 T e RIFER S A 1T d AR
134 Me#l64), MW IEAT LLE ), /Nar
Wi S T R b Ak B B — i 22 bk, o
W Ma, ITd IFARBELER— 73 3, U BTG ) H K55
[ i A 1 Ak B Aok B b R Ak SR AR T
s HEL T Mk
2.5 IMNILEEEE WRKY BEEREH RN BFHH

EHIE S

/NAEBEEE WRKY ZK5E 01 £ 2 0 A 7E LA
[ F) 43 32, fE iR b 1 BB EL AT 25 5 1 SCEL A A AU
H & 2. B WAL, /N S7 Wi B WRKY JE PR K0 B L Y
ST B AN RN 3~7 A, Horp ) T
R 4~6 MMETF Ma5Me BSNETF 44 1D
BIGANEF3~7 A4 Me BANEF 34 KZH
d BV AN 3 A4, S I B AT DU i
T R HE W AR 2, Bl 2. C AT, KN [R] WRKY
FE PRI X N 4 R 1 5 A S 10 4 motif , AS [R] 3
PRI L A9 motif A BT AN TR, & 4 0l F0, B4
motif [ 7% & | E-value {H . X W motif i) Logo &l ; &
FEW2 58 B i KR 50, BeARAA 21, 31X 38 DKL
PR 50% B A WA RSF A B, e 2 S A
A0 I a ( PpWRKY7, PpWRKY8 . PpWRKY 14
PpWRKY35) #B R &7 —~ motif 5 A PR 5F 4544 3,
FERTE i fa E B motif 1-motif 3 AYEE E 4514,
2.6 /NILEEEE WRKY EERKEH RHMEBES

& 3 AT 38 3 o A B 248 38 1 WRKY
R AL AE /N ST i 27 SR e ki 21 2%, 1T A
( PpPWRKY3 .PpWRKY5 .PpWRKY19) /34 T4 8 4
3852 Sk, Ta % ( PpWRKY35 PpWRKY31 .
PpWRKY8 .PpWRKYT PpWRKY14) 73 4ii T 45 14 4
4 5527 556 55 5 S YLk, b 7 ( PpWRKY36
PpWRKY30, PpWRKY2., PpWRKY6. PpWRKY37 .
PpWRKY26) 734 T45 11 .55 7 %5 13 45 3 5 12,
B4 5 YR, I ¢ B ( PpWRKY34 , PpWRKY9 |
PpWRKY33 PpWRKY24 . PpWRKY28) 43 4ii T4 20 .
G524 0% 23 %5 3.5 13 S @ik, T d A
( PpWRKY29 . PpWRKY22 . PpWRKY25 . PpWRKY38 .
PpWRKY16 . PpWRKY10 . PpWRKY23 . PpWRKY21 .

R 3 /NIEEEE WRKY EAR-ZREHDH
Table 3 Secondary structure analysis of WRKY protein

in Physcomiirella patens

-]
Secondary structure (% )
SE IR £4 B
Cone vame gy MR g RGN
a-helix xtended B-turn Ranc'{om
strand coil

PpWRKY1 26.33 12.91 6.08 54.68
PpWRKY2 32.03 13.59 2.61 51.76
PpWRKY3 14.61 9.50 3.97 71.91
PpWRKY4 21.97 15.91 6.06 56.06
PpWRKY5 16.96 8.63 4.24 70.18
PpWRKY6 29.57 13.53 3.55 53.55
PpWRKY7 15.74 13.70 6.71 63.85
PpWRKY38 22.74 15.34 7.67 54.25
PpWRKY9 24.37 8.96 3.41 63.26
PpWRKY10 19.35 9.81 6.97 63.87
PpWRKY11 42.34 11.34 6.49 39.74
PpWRKY12 31.76 8.88 6.90 52.47
PpWRKY13 33.39 10.19 5.49 50.94
PpWRKY14 26.32 10.53 3.90 59.25
PpWRKY15 25.06 14.94 8.35 51.65
PpWRKY16 28.19 12.15 6.70 52.96
PpWRKY17 25.45 12.47 4.94 51.74
PpWRKY18 24.49 10.76 6.18 58.58
PpWRKY19 12.68 9.35 4.14 73.83
PpWRKY20 33.73 8.13 4.76 53.37
PpWRKY21 27.77 10.51 5.44 56.29
PpWRKY22 19.37 9.59 6.65 64.38
PpWRKY23 18.07 8.05 5.41 68.47
PpWRKY24 17.10 12.61 7.77 62.52
PpWRKY25 43.06 7.41 1.85 47.69
PpWRKY26 27.43 12.70 2.97 56.98
PpWRKY27 32.29 8.96 5.42 53.33
PpWRKY28 21.18 11.81 4.69 62.33
PpWRKY29 27.10 9.42 7.53 55.14
PpWRKY30 27.63 15.65 6.60 50.12
PpWRKY31 20.00 9.33 3.24 67.43
PpWRKY32 29.89 11.28 4.51 54.32
PpWRKY33 23.85 8.83 4.42 62.90
PpWRKY34 27.55 9.01 4.42 59.01
PpWRKY35 23.91 9.89 5.06 61.15
PpWRKY36 32.59 13.65 6.31 47.45
PpWRKY37 26.60 12.70 3.07 57.62
PpWRKY38 27.25 6.64 5.67 60.44




272 OO0 M W

42 %

100

ATWRKY2

100 %
ATWRKY34 92
ATWRKY20
ATWRKYZG 0 3

S
ATW“‘C( 2 :
i

ATWREY

26

ATWRKYS57

ATWRKY64
100 ATWRKY63

o4 100
ATWRKY67

ATWRKY62

BT /NS misE S ST WRKY RE0A 7 W
Phylogenetic trees of WRKY in Physcomiirella patens and Arabidopsis

Fig. 1

PpWRKY27 . PpWRKY13. PpWRKY18 . PpWRKY20,
PpWRKY12) 534 T4 2 56 11 .56 11 .58 26 %6 3,
B8 B3 19 58 22 B 21 B2 T R 11 Y
Yo fA; 1 e (PpWRKY15 , PpWRKY4 . PpWRKY17 .
PpWRKY1 .PpWRKY11 . PpWRKY32) 4341 T4 2 45
LA 17 514 557 2 Sk, F—XK81d
i PpWRKY29 5 PpWRKY18, PpWRKY22 5
PpWRKY25 43 5 43 fii [l — Y« ok b e
PpWRKY15 5 PpWRKY32 53 Aii F ] —Gefafhk b,
b BE A AE e o A | 52 30 W 0 A AR ¥ 5 4 A,

AR AR G ik b I R TE B % (Bai et al.,
2002) .

3 W54 #

WIS 8 o A WA B 2E 5 B 45 5 /)N ST Wi 6
WRKY R Z 340 % 38 I, 5 40Um I7 Lt 4
AT L B, ZE A A DA A 0 B A AR 45 3 e 4
e R, WRKY SEPRUR AW 5k 5 1, i
WREZFIEA VIR A, R4 WRKY 451435
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ﬂ: PpWRKY24 —— S-S - motif 7
— @ motif 6
PpWRKY28 ——mm-e-am  motif 1
36 T4y PpWRKY33 ——mmmsumm - - = motif 4
] T00 PPWRKY34 — ——m—e-am—m - . olif 3
54 PpWRKY9  GEEE-4-EEm o & motif 5
494|: PpWRKY36 ~——m——um— . S
PpWRKY30 —a—Ha - motif 10
100 ————— PpWRKY? S ="
[ | 100 _|_|: PpWRKY6 e 1 e -
77 PpWRKY3T ——Em—o—m-amm =
83 PpWRKY26 —Em-—um- =
_95|: PpWRKY35 SHE-—umm =
PpWRKY3] ——mmm-a-am =
100 [ PpWRKY8 —a—+Ha ol
50 PpWRKY] — oE—mwmm — -
oL PpWRKY14 —mmm—m-e-umm S
76 ST PpWRKY3 ~— ————mm-ummeam _ —
—I E PpWRKY5 — ————m-ammm-eum _m -
PpWRKY19 —an—a—a—a. _— e ——
499|:PpWRKY11 —— == — -
100 PpWRKY32 ~———am-a-tamm - —
100 ————— PpWRKYl ———am-ama — -
39 PpWRKY17 —em-amd — o
TI_E PpWRKY15 ——am-ame - —_—
94— PpWRKYA  ——Em-Eme - =
! L L L L L L & ql‘ T T T T 3
Okb 1kb 2kb 3kb 4kb 5kb 6kb o 200 400 600 800
@ /pigF Exon — HEF Intron

Bl 2 /NS7isE WRKY JE R ARG R (A) M A 20 B (B) L K&
/NSEBEEE WRKY 25 1 45H 58U motif #1751 (C)
Fig. 2 Evolutionary relationship (A) and distribution of exons and introns (B) of Physcomitrella
patens WRKY gene family, and motif model of the WRKY protein domain of P. patens (C)
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Table 4  Predictive motif list of WRKY transcription factors
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Fig. 3 Chromosome distribution of WRKY gene family
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