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Soybean phyB Gene Cloning

I Introduction of
Phytochrome (phy)



“Photomorphogenesis” in Higher Plants

Plants detect light and respond to

direction

de-etiolation

germination

wavelength

shade avoidance

Duration
flowering

bending




Five
Phytochromes in
Arabidopsis:

PhyA~PhyE




Soybean phyB Gene Cloning

Phytochrome exists in two forms, Pr and Pfr

red light

physiological
action

breakdown

spontaneous of Py,
conversion
of By, to Py



Phytochrome is a family of proteins
with a small covalently-bound pigment molecule
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Soybean phyB Gene Cloning

PHYTOCHROMES
Red

F' Pr < Pir
FarRed *

Transcription factors
bind to regulatory sites

on target genes
Altered gene expression

i

EH YSIOLOGICAL FIEEPIDNEESI

= Seed Germination

-+ Flowering

=& Phobomorphogenes s
v leaf expansion
v chloroplast development
v stem elongation




Study of phytochrome (Phy) of soybean

Soybean Arabidopsis

(Glycine max)



SoybwaerphiyB Geeaelianing

II Cloning Materials &
Methods involved



Soybean phyB Gene Cloning

ctiolated seedlings of Retrieving cDNA sequence of
soybean cv. Kenlong 18 Gm-phyB from the internet
RNA extraction, cDNA Primer designing

|

PCR amplification

Extraction, ligation with vector and transformation into E. coli

|

Screening & Selection of positive clones

|

Sequencing & analysis



Soybean phyB Gene Cloning

III Analyzing Sequences with
Bioinformatics methods
Are these clones Gm-phyB we want?

What's the difference between the clones?

Do the consensus disagreement loci really exist or PCR
error?

How come these consensus disagreement?



Soybean phyB Gene Cloning

Assembling sequences & locating SNP
with SeqMan

17a 130 120 Z00 210 220 230 Z40

v by by b by by by by b by s by by b v s by by g 1y
Translate P Consensus ACCTCACGAACALAGAC TGAGCCACCAC-AGCAG——————————— CAACAACARCALCARACATCGACTCCATGAGCALG
GrphyB-TC2275 75 . 5eg(14185) — LCCTCACGALCALLGLCTGLGOC LT LT LG LG e e e e CAACAAC AR AL AR ATCGACTCCATGAGC LG

ehlzZ.seq(1>3858)
eh&.zseqi(l>3851)
ehli.seq(1>3859)
ehll.seq(1>3867)
ehi.seqil>3856)
ehd.zeqil>3856)
thil.seqil1>3503)
ehb.seqi(l>3766)
ehi.seqil>3856)
ehl.zseqil>3986)
ehld.seq(1>-3990)
eh9.5eqi(l>4054)
eh7.5eqi(l1>3987)

ACCTCACGAAC LA AG—CTGAGCCRACCAC-AGC LG CAACAACARCALCAACATOFACTCCATGAGCALG
ACCTCACGAAC LA AG—CTGAGCCRACCAC-AGC LG CAACAACARCALCAACATOFACTCCATGAGCALG
ACCTCACGAAC LA AG—CTGAGCCRACCAC-AGC LG CAACAACARCALCAACATOFACTCCATGAGCALG
ACCTCACGAAC LA AG—CTGAGCZCACCAC-RGCAG CAACAACARCALCAACATCGACTCCATGAGCALG
ACCTCACGAAC LA AG—CTGAGCZCACCAC-RGCAG CAACAACARCALCAACATCGACTCCATGAGCALG
ACCTCACGAAC LA AG—CTGAGCZCACCAC-RGCAG CAACAACARCALCAACATCGACTCCATGAGCALG
ACCTCACGAAC LA AG—CTGAGCZCACCAC-RGCAG CAACAACARCALCAACATCGACTCCATGAGCALG
ACCTCACGAAC LA AG—CTGAGCZCACCAC-RGCAG CAACAACARCALCAACATCGACTCCATGAGCALG

ACCTORCGEACEL G- CTGAGCC AT AR LA CAR CAMCAN C A AT AL R T A TOERCTCC LG AT LS
ACCTORCGEACEL G- CTGAGCC AT AR LA CAR CAMCAN C A AT AL R T A TOERCTCC LG AT LS
ACCTORCGELCELAG—CTGAGCC AT C AL MCARCAN CARCAN C AL AL C AT AL RO AC TCC MGG AGC LG

LLLLLLLLTLLL

These clones can be classified into 2 main groups

Multi-copy in soybean?



Soybean phyB Gene Cloning

Frame shifting

insertion

v

GmphyB-TCZ27575.5eg(1>4195) —  CCACCETTAGGEECTCCTCACGGTTGTCATGCTCAGTATATGGCTAL
eblZ.seq|1»3858) CCACCETTAGGGRCACCTCACGGTTGTCATGC TCAGTATATGGCTAL
ebB.seq(1»3851) CCACCETTAGGGRCACCTCACGGTTGTCATGC TCAGTATATGGCTAL
ebl3.seq|1»3859) CCACCETTAGGGRCACCTCACGGTTGTCATGC TCAGTATATGGCTAL
ebll.seq|1l>3867) CCACCETTAGGGRCACCTCACGGTTGTCATGC TCAGTATATGGCTAL
eb5.seq(1>3856) CCACCETTAGGGRCACCTCACGGTTGTCATGC TCAGTATATGGCTAL
eb4.seq(1>3856) CCACCETTAGGGRCACCTCACGGTTGTCATGC TCAGTATATGGCTAL
thl.seq(1»3803) CCACCETTAGGGRCACCTCACGGTTGTCATGC TCAGTATATGGCTAL
eb6.seq(1>3766) CCACCETTAGGGRCACCTCACGGTTGTCATGC TCAGTATATGGCTAL
eb3.seq(1>3856) CCACCETTAGGGRCACCTCACGGTTGTCATGC TCAGTATATGGCTAL
ebl.seq|1l>3986) CCACBETCAGGGRCBCCTCACGGTTGCCATGC TCAGTATATGGCTAL
ebl4.seq|1»3950) CCACBETCRGGGRCGCC T CGGTTGCCATGC TCAGTATATGGCTAL

COACGETCLGS CTGCCATGC TCAGTATATGGCTAL

ebh9.s3eq(l1>4054)
eb7.3eq(1>3987) CCACGETCAGGG=CRCCTCACGGTTECCATGC TCAGTATAT GG TLL

L A A A A A I A A

deletion

causing only one amino acid mutation (G — R))



Blast tree view (nucleotide) in NCBI

4 prabidopsis thaliana. (HETSF)

@ Crossosoma bigelovii  (F3EE - F R —FP3EH

@ Vitis viniters (FE]EE )

# solanum fuberosum (S 5550

2 Solanum lwcopersicum (AR )

@ Populus fremula, (HR3H

@ Stellaria longipes (K

& Pisum safivum (585 = )

- tedicago fruncatula (B &

@ Lotus japonicons (9 BEAR )

2 unknown 4

— Glwcine max [(H 5 )



Soybean phyB Gene Cloning

Intron & exon view
In GeneQuest

O scale

500 1000 15000 2000 2500 3000 3500 4000 4500 5000 5500 G000 G500 7000 7500 . .
Gonomic sequence of phyB of soybean (cultivar Paldal)

B Top 5trand - OMNAFinder - GmphyB-TC227575 . 22q (cultivar Paldal)

—
1 2 3

B Top 5trand - OMA Finder - ebd.zeq

> {1
m{ll

Note: gDNA, cDNA of
Gm-phyB were retrieved from GmGI Gene Index



Soybean phyB Gene Cloning

Alternative splicing

Sequence Mame = Pos=3190 = Pos = 3366

-HEN T+ ]
@Cnnsensus %CAAGCTT CTTTCTCGT GCTTTAAAA ----- - - oo - - - - '.3 GT GAAGAAG%TAAGAATGTTGAGA
B Seguences 40 3200 a210 3220 aa70 3aa0 3840 24900
GmphyB-gDOMA seq ACAAGCTTCTTTCTCGT TATCCTTTCTAA |ATTTAATTAGTACA AAGAAGATAAGAATGTT GAGA
GmphyB-TC227a75.5eq  |ACAAGCTTCTTTCTCGT G AAGAAGATAAGAATGTT GAGA
ehd seq ACAAMGCTTCTTTCTCGT GET T TAAAR- - - - - - - - - - - |- s - m oo e oo - - AAGAAGATAAGAATGTT GAGA
eh1.seq ACAAGCTTCTTTCTCGT P AL GAAGATAAGAATGTT GAGA
ehi.zeq ACAAGCTTCTTTCTCGT R o I i AL GAAGATAAGAATGTT GAGA
eh7.seq ACAAGCTTCTTTCTCGT GO T T TAARR- - - - - - - - - - oo |- e i am e e e o - - AAGAAGATAAGAATGTT GAGA




Alternative splicing

4120 4130 4140 4140 4160 4170 4180 41490

GmphyB-gDMA sexq TGCAATGGAARAGCTAGTTGACCAGAATACT CAAATCAAT CGCAACAAGTATCGATAACCGAAATCCTTTGACCCT CCGA
I ——

GmphyB-TC227575. 500 T GCAAT GGAAAAGCT
ehd seq T G A A T G A4 A2 G T

eh1.seq TGCAAT GEAAAAGCT I
ehd.seq TG CAA T GaAAAA GO R e L T e
sh7.seq TGCAAT GEAA R GOT R R e

4200 4210 4220 4230 4240 42450 4260 4270

GmphyB-gDMA S
GmphyB-TC227575 580

TTTCGTACGCAATACCAAT GTOGT TAGAGGACCCAT COAAT GAAAACGTTACTG- TTG- - GOGGT GTGGATGT CATT GGA
T — ACTG- TTG- - GOGGTGTEGATGTCATT GGA

Bhd.seg ACTORTTCEBGCGT GTGOATGTCATT GGA
ehlseg ACTG N mCEBOEBGOAT GT CAT T GGA
e . I, ACTG N BGBGCAT BT CAT T GGA
IR T - - - - - - e eeoeeaoeoooo.- ACTG NG CUCEGEGCAT BT CAT T GGA

4193
2430
2470
2447
2498
2604

42745
2478
25M
25628
256249
26345



eb9, a psuedogene(fREHA)?

5320 5330 5340 5350 5360 5370 5380 5340
GmphyB-gDhAseq 5395
GrmphyB-T T AT o s e R R T i T I I T I 28459
CLER-1-T I - - - - - - - 2982
eblzeq 0 R i i i i i i T it 3009
== =11/ R, - - - - - - - 30849
ebfseq 0 R b 3016

5400 2410 2420 5430 5440 54450 5460 2470
GmphyB-gDhA sed AATTACTTAATATCTRGATATTGAT GGTTT GGGUAAATATCTTAAGGCCTGATTACTTTGAGAAAACATTTTTTTTTTTGT 54745
GrmphyB- T 2T AT o s e R T T I LI I I 28459
ebdzeq L e I I I A 2882
eblzeq 0 e I T T I I T I I I R A I 3009
ebdseq BT T R T T I I 3104

ehf.seg T T 3016



Soybean phyB Gene Cloning

Conserved domain search in NCBI Blast

PHOTOSENSORY CORE REGULATORY
P1 P2/PAS PI/GAF P4/PHY PAS1 PAS2 HRKD

Fig. Domain architecture of phytochrome, Nathan C.,2006
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Fig. conserved domain search on NCBI



Soybean phyB Gene Cloning

Conserved domain search

in SWISS MODEL WORKSPACE
PHOTOSENSORY CORE REGULATORY
P1 P2Z/PAS P3I/GAF P4/PHY PAS1 PASZ2Z HRKD

Phy SIT

Fig. Domain architecture of phytochrome, Nathan C.,2006
1 1184

PAS, Domain |
| |

GAF, Domain

ATP-binding region, ATPaze-like,. ]Dmain

Histidine kinase A, N-terminal, Dimain

Histidine kinase, lnmain

Histidine kinase, homodimeric, Dornain

Phutochrome, central region, Domain

. |

Phytochrome chromophore binding site. Binding_sile
]

PAS fold-2. Domain
|

PAS fold, Domain

Fig. eb4 conserved domain search on NCBI



Soybean phyB Gene Cloning

-HEN T+
(<] Consensus
g Sequences

N-terminal, non-conserved domain?

SOSMSKAI AGYTEDARLHAVFEQSG

RGGG- GGHGP::HE- - HHMSM- - - - - QAQLEIISTEGGN ----- -

phwB_rice.pro
phyB_potata.pro
phyB_tomato R pro
phyB_Arabidapsis.pro

phvB_Pisum sativurmidiiEmux.pro

phyB_Lotus japonicusEIREE pro
phwB_SOYBM. pro
ehd. pro

MASGESRATPTRSPSSARPAAPRHOHHHEQSEGGET SRAGGGGEGGGGEGEGEGAAAAE

---------- MASG- - SRTKHS- - HHNSS- - - - - GAGQSSGTSMNYN- ¥- - - - - - - KD
---------- MAS G5 GERGKHDRNHOPKN- - - - - QSQF SETSNTM- - - - - - - - - - -
- - GVGGSGGGREGGRGGEEEPSSSHTPNNRRGGEQAQSSGTKELRPRS- - - - - NTE
------------------------ SMMME- - - - - MRMIKR- - - - -« - - - - - ESL

- - - - MASASRRGGGGGGEGEGEVVERGKE- - - - - EEKLKRGGGGEGE- GG- - - - -
MLQOAERRI PPFRERESTPH- - - - - EQRLSHHSSMMN- MM- - - - -

BD 70 £

WSKAYAYTLDARLHAVFEQSG
[ Skal AYTADARLHAVFEGQSG
LEKAVACY TTDARLHAAFEGEG
M KA QY TYDARLHAVFEQEG
MEKAI AQYTEDAXLHAVFEKEG
MEKAI AQYTEDARLHAVYEQEG
MSEAlI AQYTEDG- WHAVFEQSG
MSKAlI AQYTEDARLHAVFERSG



Soybean phyB Gene Cloning

Phylogenetic tree in Mega
(protein)

100 Potato

100

Tomato

95 tobacco

95 Populus

Pisum sativum

100 soybean

®chs

Arabidopsis thaliana

100

indica (Rice)

Neighbor-joining (500 replicates)



Soybean

phyB Gene Cloning

A paradox,

how come?

suyhean—gilll?Z&BElsplP&EQBB.llPHYB_S... 2

ehd

Pisum sativum-gi|&30Z5Z25 |gh|aAF14344., ...

FPotato-FP34054 |PHYE #0LTU Fhytochrome ...

Tomato-QF2862 | PHYEL S0LLC Phytochrome. ..

tnbaccn—giIZSTDSEllembICAATQBBZ.lI_ph...

Populus-gi 10954091 |gh | AAcZ25725. 1| AFS. .

- PHERN-~E B8~ v+ B EREN- - §-NS5E- T

Arabidopsis thaliana-P14713|PHYE ARAT...

N e | o s B | R LB | o

indica (Rice)-AZEFWEZ |PHYE ORYSI Phyto..

- | HERE- 2o Bl vElea v~ B ERRNE- - f-DEEE-T-1

Soybean

My clone
Pea

sal2ads 1ay10
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