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Bioinformatics Prediction of MicroRNAs in Plant
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Abstract ; MicroRNAs ( miRNAs) are endogenous non-coding single-strand molecules with 21-25 nucleotides
in length,and they are widely existed in plants and animals. In plant, miRNAs have been confirmed that they nega-
tively regulate gene expression at the post-transcriptional level and play an important regulatory role in plant growth
and development,and response to various biotic and abiotic stresses. In recent years, miRNA has become the hots-
pot in modern molecule biology. In this paper,several methods for identification and charactrization of plant miR-
NAs were introduced, and further the processes and strategies for miRNA bioinformatics prediction were reviewed
with emphasis,as well as investigation and analysis of some bioinformatics softwares. This paper will provide new
ideas for miRNA identification in plant.
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Preliminary Analysis of the PEBP Gene Family in Soybean ( Glycine max)

ZHANG Li-feng' ,XU Ran',ZHANG Yan-wei' , DAI Hai-ying' , WANG Cai-jie' ,LI Wei' ,ZHANG Jun'"
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? Binzhou Vocational College , Binzhou Shandong 256603 )

Abstract; The PEBP gene family encoding proteins with similarity to phosphatidyl ethanolamine binding pro-
teins was found in the animals,plants,and microbes. The PEBP genes played important roles on regulation of flow-
ering time and seed dormancy. We presented here a systematic analysis of the PEBP gene family in soybean ( Gly-
cine max ) . At the level of genome-wide screening, we identified 27 PEBP candidate genes from soybean and consid-
ered 16 genes with full length of coding sequence as GmPEBP genes. Sequence analysis showed the GmPEBP genes
had conserved genomic structures and were distributed on 9 soybean chromosomes. Phylogenetic analysis showed
that the GmPEBP family could be grouped into three subfamilies, named FT-like, TFLI1-like, and MFT-like, and
suggested that species-specific expansion contributed to the evolution of this family. Analysis of synonymous substi-
tution rates indicated most duplicated pairs were from the whole genome duplication occurred at 59 and 13 million
years ago.

Key words :soybean ; PEBP gene family ; phylogenetic analysis
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39360.2 . Glymal8g53680.2 . Glymal8g53680.3 #
Glyma20202845. 1, H: 4y 16 4 & A 5¢ % PEBP 4%
P 38 1 4 K7 51 4 & KB GmPEBP HE A,
A 172 ~ 190 SRR , H K45 GmPEBP &
H&EANRERERIE 175 MEA(F 1),
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K, M 3154 bp, Glymal6g32080. 4 f45 2 N & T
KE RS, A 88 bp, W& T IR 22 57 4 T3
GmPEBP BEPR 0 K B 22 5+ 43 B i, de LY Gly-
mal6g32080. 4 + £ S 1002 bp, & £ M Gly-
mal8g53680. 1 4 4999 bp,

K GmPEBP JEH A AE 9 SR s o fk | Hrp
16 SY ik &4 5 4 GmPEBP 3N 19 S Y¢ (4
H 3 4> GmPEBP 5K 18 Sk 1 2 1> Gm-
PEBP J£[H,3.5.8.9.10 Fl 13 Sk F&A 14
GmPEBP :[H
2.2 KX GmPEBP KIRERER#L S

h T K EIHE A GmPEBP $&H KR
Gy FHEA LA R R G R AR ORI, AR B 5T R 4R 42
FANE T KRS GmPEBP & H AR IFH 6 A~ A
PEBP H M RS K AW, kI GmPEBP F:H 73R
3 ARG, B FT-like . TFL1-like #1 MFT-like,
H FT-like W K %40 %% 9 4~ GmPEBP %[, TFLI-
like W% L 6 D GmPEBP H:[H | i MFT-like
HE&A 14 GmPEBP &K (E 1), BAWKES
HB & A AR I MK LA PEBP LN | 26 W R o R4
R L B PEBP ZENHLSE, 7 FT-like WK
W WIS A 2 B, RIS H 9 Gm-
PEBP A, Hivh 4 X} GmPEBP J:IK M55 % 6] J5 5L
s 7E TFLI -like W5 SUARS T & A7 3 DAL,
KEFA 6 1 GmPEBP 214, 3 X 5% & [A] J5
, 7] FT-like F1 TFLI -like YV 5% 14 7E K 52 A0l B
WHBEZ e B Ry MRe R Xt T
Pk,



5 14 kLR . KT PEBP 3R R % 941 25 50 Fr 153
%1 X= GmPEBP HEREMWLE
Table 1 Identification of GmPEBP genes in soybean
. AET1 WET1  AET2  WET2 BT AST3 AET4  BAKE ik
; . (bp) (bp) (bp) (bp) (bp) (bp) (bp) (aa) Ch:mosome
/ Exonl Intronl Exon2 Intron2 Exon3 Intron3 Exond Protein length /
Glymal6g04840. 1 201 181 62 110 41 1481 224 175 16
Glymal9¢28390. 1 201 96 62 105 41 1507 224 175 19
Glymal 6g26660. 1 201 792 62 127 41 3154 227 176 16
Glymal6g26690. 1 201 187 62 131 41 2165 227 176 16
Glyma08g47810. 1 201 122 62 680 41 169 224 175 8
Glymal8g53680. 1 201 166 62 2987 41 1315 227 176 18
Glymal8g53690. 1 189 145 62 1441 41 179 230 173 18
Glymal6g04830. 1 195 133 62 391 41 231 221 172 16
Glymal9¢28400. 1 195 142 62 375 41 1601 221 172 19
Glyma09g26550. 1 201 117 62 93 41 327 218 173 9
Glymal6g32080. 4 198 121 62 88 41 274 218 172 16
Glyma03¢35250. 1 201 210 62 472 41 99 218 173 3
Glymal9¢37890. 1 201 215 62 483 41 95 218 173 19
Glymal0g08340. 1 201 186 62 500 41 117 221 174 10
Glymal3g22030. 1 198 147 62 486 41 1892 221 173 13
Glyma05¢34030. 1 249 94 62 92 41 993 221 190 5
) 2.3 XE GmPEBP RN ZF 5Lt
92%23?;12232221 7E TFLI -like IV F %t ,6 4~ GmPEBP 3P
[ Clymal6g26660. (4 % 50 A L PE 7E 70. 52% ~97. 11% Z i, 55 %
Gl 16g26690.1 5
oo e 7 6 3 B Glyma03¢35250. 1-Glymal9g37890. 1 |
38 .
TSF FT-like Glyma09¢26550. 1-Glymal6¢32080.4 #1 Glyma
Glyma08g47810.1 Vb FH B
100 Glymal8g53680.1 10208340. 1-Glymal3¢22030. 1 F4 FF 51 A0 LR TR =
96 Glymal8g53690.1 S5 97. 11% 97. 11% #193.10% ,3 ¥ K55 %
Gl 16g04830.1 N N e —
09 Glymal0g28400.1 [ 5 A AL R o 1 P 2 IR B TFILT 1
BFT ] FEA AR AL 23 5 M 75. 87% . 69. 94% F1 64. 11% .,
100— GlI 09g26550.1 N 2 N - sy N fihe 29
@ L Glymal6g20504 16 TFLI R s FCIh RE AN G B R R 0 565 88 L1
75 TFLI ZHA PR (His88 ) , HiAE 6 AN G Al B Hh IR /&5 B R <F
76l | 100 Glymal(?;rgCSSZSO‘l TFL1-like (K2),
39 | Glyma19g37890.1 7 FT-like WK% H,9 4~ GmPEBP J:H 155
84 Glymal0g08340.1 N AR EL 5 > N =R
499|:G1ymal3g22030.17 *Hﬁ@mi#@@&k’j‘j 57.99% ~96.51% , 51
Glyma05g34030.1 ' FAST Y FT JE R SRR TE 63. 53% ~75. 00%
100L—— MFT }MFT'I‘“ ZIH, 4 %F 3% % [ K B Glymal 6g04830. 1-Gly-
TR mal9g28400. 1 , Glymal 6204840. 1-Glymal9¢28390. 1 .

1 XE GmPEBP RIREBEMBHU D
Fig.1 Phylogenetic analysis of
soybean GmPEBP gene family

Glymal 6226660. 1-Glymal6¢26690. 1 Fil Glyma 18¢
53680. 1-Glymal8¢53690. 1 [ /351 ALl M 45 &, 40
2k 96.51% 94.29% 91.43% 1 76. 2% , TEIRE
FT SR IRERYEE 85 {7 i & M i 1,9 K E
GmPEBP FEFER A B =R (Tyi85) (&12) .
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Fig.2 Alignment of GmPEBP protein sequences in TFL1-like( A ) and FT-like ( B) subfamilies

2.4 KE GmPEBP h RESEMHRERETH
ABESEH, R SO (K KA KD Gm-
PEBP 55 5 [RFEE A 0 Fr Be i 52 S e A i I ] (3R

2), fE TFL1-like ¥ 2<% H', Glyma09¢26550. 1-Gly-
mal6g32080. 4 . Glyma03¢35250. 1-Glyma 19¢37890. 1
F1 Glymal0g08340. 1-Glymal3¢22030. 1 5 & FE K Xf

&2 KEGmPEBP EREZZFERERMAFRESEEHRERRE
Table 2 Estimation of the date of duplication events in GmPEBP paralogs

WK% Gi=Bo) ) LA s B EIBEPEAEE EPEzE ] (MYA)
Subfamily Duplicated pair s N K, Date
FT-like Glymal6g04840. 1-Glymal9¢28390. 1 126.8 398.2 0.12 11.61
Glymal6g26660. 1-Glymal6526690. 1 137.9 390. 1 0.32 30.95
Glymal8¢53680. 1-Glymal 8253690. 1 131.4 384.6 0.50 48.36
Glymal6¢04830. 1-Glymal928400. 1 135.4 380.6 0.07 6.77
Glymal6g04840. 1-Glymal6g26660. 1 122.4 402.6 0.81 78.34
Glymal6g04840. 1-Glymal 6¢26690. 1 121.7 403.3 0.76 73.50
Glymal9¢28390. 1-Glymal 6526660. 1 126.1 398.9 0.72 69.63
Glymal9¢28390. 1-Glymal 6226690. 1 128.0 397.0 0.71 68.67
TFLI -like Glyma09¢26550. 1-Glymal 6¢32080. 4 141.9 374.1 0.15 14.51
Glyma03¢35250. 1-Glymal9g37890. 1 156.1 362.9 0.03 2.90
Glymal0g08340. 1-Glymal 3¢22030. 1 137.1 381.9 0.07 6.77
Glyma03g35250. 1-Glymal008340. 1 135.2 383.8 0.41 39.65
Glyma03¢35250. 1-Glymal322030. 1 133.3 382.7 0.47 45.45
Glymal9¢37890. 1-Glymal 0508340. 1 136.3 382.7 0.42 40.62
Glymal9g37890. 1-Glymal322030. 1 132.7 383.3 0.48 46.42




5 1 TRAL R . R T PEBP 3B 0% 491 25 B 155

Y K AR, 4359 0. 15 .0.03 F10. 07, i A Bt
A ) R A 7ERE A 1451 JT4E 290 J74EH1 677 T 4E
ZH; 1 L X 2 (] K fH R B Glyma03g
35250. 1-Glymal0g08340. 1 . Glyma03g 35250. 1- Gly-
mal3¢22030. 1, Glymal9¢37890. 1-Glymal0g08340. 1
H1 Glymal9g37890. 1-Glymal3g22030. 1 43 %1 4 0. 41 |
0.47.0.42 1 0. 48, T Fr Bt 8 & W} 18] & 2B 7E R 4
3965 JT4F 4545 J34F 4062 J74E I 4642 7 4E Z Rl
£ FT-like W % % 1, Glymal6g04840. 1-Glymal9g
28390. 1, Glymal6g26660. 1-Glymal6g26690. 1, Gly-
mal8g53680. 1-Glymal8g53690. 1 HI Glymal6g04830. 1-
Glymal9¢28400. 1 FRFEEXFH Y K 8 [FIFEEAL, 73
14 0.12.0.32.0.50 F10. 07, 1 B 58 FE X2 8] K
{E#E B Glymal6g04840. 1-Glymal6g 26660. 1, Gly-
mal6g04840. 1-Glymal6¢26690. 1. Glymal9¢28390. 1-
Glymal626660. 1  Fl1  Glymal9¢28390. 1-Glymalb6g
26690. 1 43514 0.81.0.76 .0.72 F10.71,

%3 XE GmPEBP HEEWBEFFRILIL

2.5 XE GmPEBP BB FRiLiL

H 77 SoySeq %X #i& J% ( http://soybase. org/
soyseq/ ) HIEAF T 14 AR R B 2L RNA-Seq
J¥51, HE mRNA K- _EWF5E K G GmPEBP 3 1
FeRPRpt THAEER . FIH GmPEBP Z:KE SoySeq
B, R 7 A GmPEBP 3 A ( Glyma08g47810. 1 .
Glymal9¢28390. 1 , Glymal6g04840. 1 . Glymal6g26690. 1
Glymal8g53690. 1, Glymal3¢22030. 1 I Glymal0g08340.
1) 7E 14 AR A S BT Kl 2 PTRL ) RNA-Seq J7
5, HAx 9 A~ GmPEBP JE R AE Z P SUrh # A 3Rk
HRIFEZERMAR(FEKI), HER3IATLUFHD,
Glyma05g34030. 1 ( MFT-like 3V % & ) & T 3 &z
WA ik LA A 12 NP R F ik, 0
HAEMF R RARMBE, HMEEM T LT
TR IR B 5 . Glymal 6226660. 1 3= 784
FISE f i 5K, 1 Glymal6g32080. 4 3= % 7E 48 I
Fhfrh ik,

Table 3 Expression profiles of soybean GmPEBP genes based on in silico analysis

JeBE FH

gt by iy [ R L S s ST U S U
A b Jé Pod Pod it R
Young Seed Seed Seed Seed  Seed  Seed Seed
Gene Flower Pod  shell shell Root  Nodule
leaf 10DAF  14DAF  21DAF 25DAF 28DAF 35DAF 42DAF
10DAF  14DAF
Glymal9g28400. 1 2 2
Glymal9g37890. 1 1 1 1
Glymal6g26660. 1 3 20 4 11 7 1
Glymal6g04830. 1 3 2 4 3 6 14
Glymal6¢32080. 4 48 2 4 1 7 10 21 29 11
Glymal8g53680. 1 2 1
Glyma09¢26550. 1 4 4 1 2 1 2 6
Glyma03g35250. 1 3 1 1 1 1
Glyma05¢34030. 1 2 1 1 32 211 190 795 1064 1233 1097 3 4

DAF ; Days after flowering

3 it

PEBP SR TEAE Y h )8 T — /N B K
W FERA ) B A AR Pk B A R T R L
ER . BT, AR IT KRS FOR IR 5 4 2
HWYh4yE T % PEBP B, B h & A 6
PEBP 1§, 5%, 2o FT TFLI F1 MFT 3 fig L 53
& FT RDEHEITAE , TFLL AT, MET W)
HEFFIE & R AR, KRS & A 19 A PEBP

B kB EA 25 4 PEBP W AHF
FEFHALRE ST PEBP & ()7 51 N R 6, XK 50 5
(K 2 4 3% 2 ( http ://www. phytozome. net/soybean.
php) #EFTH %, FERAF T 16 A~ H A7 58 %% PEBP 2514
B KIFH, e R 9 Yk

PEAL A HT R A, KR M%) PEBP 31K 50 h 3
A, B FT-like , TFL1-like #1 MFT-like, 7F7<
55,16 4~ GmPEBP 3:R IR )R T 3 N WKJE,
Hrp FT-like WG SR 2, &H 9 > GmPEBP
M TFLL -like BUIIRZ , % H 6 > GmPEBP 5[4 ;
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O o M 16 %

1M MFT-like WE5CT5 R Bt /b, HAT 1 A~ GmPEBP %
[A, O.N. Danilevskaya 5" &3 kb &4 25 4
PEBP i i3, Hoth J& T FT-like W 505 (0 3L K A 15
A, TFLL-like WK B FEHN A 6 4>, MFT-like W 5K
BEREER A 3 A4, 4N 1A PEPB R IR R &5 4
SR F AN SRR EE N, o ZCNS Sy FT 5EH 1)
EYE S

Z.Tian 251" W 7 4 A~ Ko TFLI [A] 5 3
A, 4354 Glyma03¢35250. 1, Glymal9¢37890. 1,
Glymal0g08340. 1 Al Glymal3g22030. 1, H:H' Gly-
mal9¢37890. 1 ( GmTfI ) 1 Tl JCBR 45 35 > P Y
Dl 5N, EEEAEAR gt FigE vp &3k, T Gly-
mal3g22030. 1 FZLELM B ZEMZFh Rk 7E4E
WA ik, TEIFITT ofll-1 7SR (T AR AT )
ik Glymal9g37890. 1, %% 3 [H 40 g I+ 55 7 /1= U AR
oL, FBH FFAEHE R B4R AE, F. Kong %5 KB T
10 4~ FT [EJEIER, A GmFT2a (Glymal6g26 660. 1)
Ml GmFT5a( Glymal 6504830, 1) 7EM 28 2K4% T
e R G ZE AR SR AT B 3R, LA
MR, KR GmFT2a B GmFT5a
(AR I AR AR T, TR HBAT FT B D fE,
C. Fan " fE K GNP LR T 6 4 FT [FEIE
N ( GmFTLI-6) F1 4 /> TSF [a)JE 5K ( GmTSFI-4) ,
RIMZEL GmFTL 1EE T AR B AR %
AP R FIR AR, M7 AT AR K B B it AR e
FIZEIRGEAH A kR, i Rk GmFTLI-6
AIFURE TF AE 4R T, R 6 4> GmFTL A EA
FTRHA W TI6E, 11t i %38 GmTSF3 ,GmTSF4
GmPEBP21 UL m I B AL IF A 2l 28, AR5
H1, Glymal6g26660. 1 = 7E LRI f rh Rk KB
Glymal6g26660. 1 ANMHEA FT KL AL DI RE,
RIS FTREFEIE R B RN E T ; Glymal6g32080. 4
BAEAL RN 3Rk, B ATTIRE # A IR, S0 A
AEE 7= F R & F H R AE H 5 Glyma05234030. 1
FEAER T RIA, H A F SRR AR &, F0
FERRF & B A & TP RER .

PEBP ZZJ05 36 R B 25 /R H AR <7, KA & A 3
DNE T4 DI, JUHES 2 AR 3 A
i 2 BEARST 4350 62 bp F1 41 bp, ABFFE )
16 1> GmPEBP J:H # &4 4 ANMHMR T3 NN E
T AMNEF 2 FANE T3 Wk 62 bp Fil 41 bp, ifif
TE25 DEK PEBP WA, A7 2 A (ZCN2 Fl
ZCN20) (ZER R A AR S AN 1 R 2 Bl
HEA 2 ANETM 3 AMNE T

FT A1 TFLL (92032 7 9 AR U 4 s, (R T B
HIRZ . TFL1 25 A5 88 (1Y 2 2 R 7% 3 ( His88 ) Al
FT 851505 85 v 1Y) i 24 1R 5% 3 ( Tyr85 ) X oA s Ty
REd P VE 0, R R AS R 4 AT R W, FT RN
TFL1 £ P10 SR 254 i BE AR B B — A 1 40tk 1Y
SEM) AE A8 A AL TFLL 14 His88/Aspl44 fEIE i
SUHE T FT 19 Tyr85/Gln140 ANBEJE i A0 8, it i
Ji TFLL 1 FT (9 DhaE22 52 . 78 TFLI -like W55
H,6 4~ GmPEBP [ 5175 His88 | i FEAR ST, ¥ 4
ZAMR; 7E FT-like WK, 9 4> GmPEBP 1, it 1
Tyr85 L7 BEARSF , Y IR &R (18 2)

L G SR R B EEER, AT LA
PEASHIEN BrIh ek E W IhRE, DAY ) 35 B
iR BEE AT R AT G S AR R LA AR R
RS, FEREP LA v | i ) S P R AR R
FRIKE K  BEEE ™, A5 4 X GmPEBP
H ( Glymal6g04830. 1-Glymal6g04840. 1, Glyma
16226660. 1-Glymal6g26690. 1 ,Glymal8g 53680. 1-Gly-
mal8g53690.1 HI Glymal9¢28390. 1-Glymal9g
28400. 1) HILAE G AR 1 [F]— DX B s AH SR X Bt ,
RIXEE F R, 3 X GmPEBP 3K ( Glyma09¢
26550. 1-Glymal6g32080. 4 . Glyma03g35250. 1-Gly-
mal9¢37890. 1 Hl Glymal0g08340. 1-Glymal3g
22030. 1) HIAE 2 SR R IR X, AT RE A Fr B
FRFME, REHRGIFAEKRA 59
TAETTA 13 HAERIGDT T 2 IR ), K
51 URHE DR 4H 55 ) o A RS T 5 A A G
AE B} ( papilionoideae ) AL IR E]AHAS (£ 59 H T
AR LH 2 IR AL A kA B TR O K SRR
S5 U DY 435 44 Ak B4 5 1] ( allotetraploidy event ) '
AR IE R K (HAE 0.06 ~0.39 (¥J{H K 0. 13) Z[f],
FUASEREHIO B T 13 ETAERT A SE R 4L 1, i
K B7F0.40 ~0.80 ({HH 0.59) Z [A], W) F W] KL [
ok AT 59 EAERT IR AL S L AR5
Hiok [ TFLI-like Y758 H Y 3 %) 50 52 5 BRI XT 4 1)
K AEH3E I T 0. 39, 1 5 & 5 K X} 2 8] () K {8 1
0.40 ~0.80 Z[a] (£ 2) , B TFLI-like W5 T Y
FE RN EERE R A T 13 BT AERTI RS
FEPZH SR PUAA A At B2 i R 5 S DR X 2 i) £ i PR
BRI AT 59 EAERTIREF A ], kA FT-like
WHWER 4 XF &= E £ K, Glymal8g53680. 1-Gly-
mal8g53690. 1 1) K fHALF 0.40 ~0.80 Z [, %M
R BEE LT 59 BRI A S, mH A
3 X EE BT K (B340 F 0. 06 ~0.39 Z[H],
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