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Nuclear Factor Y Heterotrimeric Protein (NF-Y protein)

Characterization:

Nuclear transcription factor Y subunit
A, subunit B and subunit C ( NF-
YA,NF-YB and NF-YC )(in animal and
plant), or HAP2,HAP3 and HAPS5 (in
yeast) or CBF-A, CBF-B,CBF-C( In
animal)

Founction:

Transcription role in gene expression
by binding CCAAT regulatory element.

Romier et al., 2003, J. Bio. Chem.

More genes to one subunit in plant

Each subunit encoded by a single
gene in animal and fungi, by multiply
genes in plant



Multiply genes for one subunit protein implicate multiply function
roles? (Nelson et al., 2007,Shiu et al.2005,Edwards et al. 1998)

Knows three genes responsive to drought in NF-YB subunit family
AtNF-YB1 Arabidopsis thaliana (Nelson, et al., 2007)

ZMNF-YB2 Zea mays (Nelson, et al., 2007)

TaNF-YB2 Triticum aestivum (Stephenson, et al., 2007)

one gene in NF-YA subunit family

AtNF-YAS5 Arabidopsis thaliana (Li et al., 2008)



Plant NF-Y subunit B genes confer drought tolerance

ZmMNF-YB2. Nelson et al., 2007
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Field performance of maize modified by ZmNF-YB2. Nelson et al., 2007



Address two guestions:

How about NF-Y genes,,especially subunit B
genes, in drought condition?

More NF-Y genes in trees than in herbaceous
plants?

Work on Populus trichocarpa and P. euphratica
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Procedure for genome analysis of NF-YB subunit in Poplar

AtNF-YB1, ZmNF-YB2, TaNF-YB2

Databases with search tools

4 4 em
oroteins ESTs+singletons+ATs Nucleotides
b e
Discarding: too short
Assembled EST abnormal ORF, core
domain lack, less than
cut-off,

Conserved domain analysis

!

Phylogentic analysis

Validation function with blot



Databases and Tools

Used DataBase for ESTs, genes,
transcriptors:

Tools:
GenBank: Protein,Nucleotide,EST tBLASTn, BLASTp, BLASTn
http://www.ncbi.nlm.nih.gov/Genbank/ Clustalx
PlantTFDB: Peking university pfam

http://planttfdb.cbi.pku.edu.cn/ http://www.sanger.ac.uk/Software/Pfam/

PlantGDB: lowa

Consensus Logo
http://www.plantgdb.orq/ J

(http:// weblogo.berkeley.edu/)

TIGR: Plant Genomics Claig Venter _
http://www.tigr.org/tdb/e2k1/ath1/ Phylip

JGI.  Populus trichocarpa v1.1
http://genome.jqi-
psf.org/Poptrl 1/Poptrl 1.home.html

PopulusDB
http://www.populus.db.umu.se/


http://www.ncbi.nlm.nih.gov/Genbank/
http://www.plantgdb.org/
http://www.tigr.org/tdb/e2k1/ath1/
http://genome.jgi-psf.org/Poptr1_1/Poptr1_1.home.html
http://genome.jgi-psf.org/Poptr1_1/Poptr1_1.home.html

Results

Arabodinsis transerintion factor subunit NF-YRB1 in all nonulus ESTs
Distributiodpf 104 Blast Hits on the Query Sequence

Arabodipsis transcription factor subunit NF-YB1 in trichocarpa ESTs
Distribution of 30 Blast Hits on the Query Sequence

Arabodipsis transeription factor subunit NF-YB1 in euphratica ESTs
Distribution of 10 Blast Hits on the Querv Sequence

The same results with ZmNF-YB2, TaNF-YB2



TIGR

TA17904 3694 Populus trichocarpa|Putative transcription f£...
CV243504 Populus trichocarpa|Muclear transcription factor...
TA19827_ 3694 Populus trichocarpa|Nuclear transcription fa...
TA19882 3694 Populus trichocarpa|Putative transcription f£...
TA19543 3694 Pdpulus trichocarpa|Nuclear transcription fa...

~re

BUB71529 Populus trichocarpa|Transcription factor HF-Y CC...
CVWV226095 Populus trichocarpa|Muclear transcription factor...
TA19400_ 3694 Populus trichocarpa|BRepressor protein [Glyci...
TAl1l7806 3694 Populus trichocarpa|Hypothetical protein OJ1...
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127 2.7e-08 1

Distribution of Blast Hits on the Query Sequence
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Result

gWwl.XIII.914.1

gwl.133.33.1

gwWwl.XIII.909.1
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Result

gwl.XIII.914.1 B -K- - —— - ———
gwl.133.33.1 R - B -
gwl.XIII.909.1 AR - Bn - o
fgenesh4 pw.C scaffold 132000044 LANNTSIADQE KEAPPSS5555 YRNNQGIRM- ——-———————
gwl.XIV.2649.1  Y§uEEv--Ee @8- --——— -~ o
gwl.XVI.590.1 B M
gwl.VI.1909.1 e
gwl.XVI.597.1 QGDQRDGTAG DGGVVNSGNP GGGFGGGGGE NMYVGMQSSM
gwl.vI.2407.1  (ONEEET- K¢ ERTIAMGT-— —————————— - —mmm—mm e
gwl.I.4785.1 SFEsE Ee Bl - - -————————— o o
gwl.XIV.3795.1 Vi PAGEKDGPGG GSGGSGAAGE GGGANSTGGE —-——-————-
gwl.V.3062.1 e
gwl.VII.2124.1  NEGEST--Ee EENEMARQE- —————————— ——————— = ——————m——m ——

grail3. 0049010802 GEESKRDAVGE LPGQMNAQFAF QGSMN----Y TSPQVQGEOHM
grail3.0022035801 GEESKREAVGE LPAQMNAQFAL QGSMN----Y ISPQGQGEOHM
eugene3.00160779 - TSAKKDIH-- -PGPMAQISH QGSFSQGVEY GMNSNSQLPHM
gwl.V.2524,2 NHE@EW--E& E-———————— ——————————
gwl.VII.1509.1 tHimEN--Ee FB- - - ————— - —————————
egtExt_fgeneshd4 kg.C LG IX0001 <

Consensus/al%




Hits from P. trichocarpa

BJAC210129.1 Populu=s trichocarpa clone POPO0OS-F1l1, complete... 1759 Se-4
L|ACZ2140258.1 Populu=s trichocarpa clone POP025-N21, complete... 176 le-44
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Some translated protein sequences in trichocarpa’s CDS

>BUB71529 | cds13. 417 |trichocarpa

HEKALPANGKTAKDAKD TUQECYSEF ISFUTSEASDKCOKEKRETINGDDLLYWAMATLGFEDY IEPLKVYLARYRELEGDAKGSARGGDGSSKRDAVGGLPGONAQFAFQGSMHY TSPOAQGQHH
ILPSHMPGHE

>BU225fh?|cd51ﬁ..390|trichucarpa
HADHPTSPAAGSHESGGEQSPRSGUREQDRYLP IANISRIMKKALPANGK IAKDAKDTUQECUSEF ISFUTSEASDEKCOKEKRKT INGDDLLWAHATLGFEDY IEPLKUYLARYREUVISLFSCL
»CU226095 | cds79. .6230| trichocarpa

HEKSLPANAKI SKEAKETUQECUSEFISFITGEASDKCQREKRKTINGDDLLYWAMSTLGFEHYUGSLKUYLHKYRD TEGEKHSHARQEDOLSPTHNHGSLGTHET IKUNGSPSLSTGHDLOSFHAG
LYSLGTEUTAKSYGOMTRFLGYQESSMUGDFHHHK IRDHGDRHGHI AMAGQLHHGUGY

>CU243355 | cds93. .623 | tirchocarpa
MAAREAPASPGGGSHESGDQSPRISNSHUREQDRFLP IANISRIMEKALPANGK IAKDAKETUQECUSEF ISFITSEASDKCOREKRKTINGDDLLUAMATLGFEDY IDPLKIYLSRYREMEGDTKG
SAKAGDTSAKKDUHPGPHAQUKWSFHLLSYCHFLFLVNOQRTSLSLFYSANF

>CU243584 | cdsy7 . 451 | trichocarpa

HEKALPANGK T AKDAKETUQECUSEFISFITSEASDEKCOREKRKTINGDDLLWAMATLGFEDY IDPLKIYLSRYREHEGDTEGFAKTGDTFAKKDIPPGPHAQIFHOGFFSOGUSYGHSHFQARP
HMUFHQSHE

>TA17806_ 3694 |cds32_ 469 | trichocarpa

METEKUVAEAEELPKATURRVUKDTLSRCSPEDSD INUHKDALLAFSESARIFIHYLSATANDICKESKRQTHMHADDUFKALED IEFPEFUGPLKUSLSEFKRKEHGGKKUGSAQHNKEVQKKRKTG
GPSKKSGGKSTPKKGDTGEK

>TA17904_3694|cds139. . 711 | trichocarpa

HADSDHESGGHHAVSELSAKEQDRFLP IANVSRIMKKALPANAK I SKDAKETVQECUSEFISFITGEASDPKCQREKRKTINGDDLLWAMTTLGFEEYVEPLKIYLQKYREMEGEKSSHGRPAGEK
DGPGEGSGGSGAAGGLGGANSTEGGGGEFHGGGGOGHY GGMMMHGHHHOGHUYGAGGFHHQGNSR

>TA19488 3694 |cds156. .629 | trichocarpa

HEPHMDIVGKSKEDASLPKATHTKI IKEHMLPPDURUVARDTODLLIECCUEF INLUSSESHEUCSREDKRT IAPEHULKALQULGFGEY IEDUY TAYEQHKLETHHDSLKGGGKYWSTGAAMTEEEAA
AAQQRMLDEARARMHGUUSAPKQPEANQSLES

>TA19543_3694|cds18-569 | trichocarpa

HADSDHESGGOHHSHTHY SETSSREQDKLLPIANUSRIMKKALPANAKI SKDGKETUQECUSEFISFITGEASDKCQREKRETUNGDDLLWAMT TLGFEDYAEPLKIYLQKFRETEGERTAAMGT
URQGDPORDGAVVHIGD SGGGFGESGGHUYGGHOS SHMMMGHHPLHQGHHYGSASGRPK

>TA19827_3694 | cds114. 221 | trichocarpa

HMEKALPANGKTAKDAKDTUQECYSEF ISFUTSEGE

>TA19882 3694 |cds8..601|trichocarpa

HADSDHESGEQHHSHTNY STETSPREQDRLLPIANUSRIMKKALPANAKI SKDAKETUQECUSEFISFITGEASDKCQREKRET INGDDLLWAMTTLGFEDYVEPLKIYLQKFREHEGEK TAAMG
IVROGDORDGTAGDGGUUNIGHP GGGF GGG GGGHHYUGMOS SHAMMGHHHY QHRHP GHHMYGPGGGASSGRP S

>eugened.Ad1608779
HAAEAPASPGEGSHESGDASPRIHSHUREQDRFLPIANISRIMKKALPANGK IAKDAKETUQECUSEFIS
FITSEASDKCQREKRKTINGDDLLYAMATLGFEDYIDPLKIYLSRYREMEGDTKGSAKTGDTSAKKD IHP
GPHAQISHOGSF]GUSYGNSHSQAPHMMUPH]SHE *

»graild. aea9y1age2
HADNPTSPAAGSHESGGEQSPRIGUREQDRYLPIANISRIMKKALPANGKIAKDAKDTUQECUSEFISFU
TSEASDKCOKEKRKTINGDDLLWAMATLGFEDY IEPLKUYLARYREQLYWOGDAKGSARGGDESSKRDAVG
GLPGONAQFAFQGSHNYTSPQUOGQHHILPSHPGHE *

»graild.ne22e358m
HADNPTSPAAGSHESGGEQSPRIGUREQDRYLPIANISRIMKKALPANGKIAKDAKDTUQECUSEFISFU
TSEASDKCOKEKRKTINGDDLLWAMATLGFEDY IDPLKUYLARYREQLYWOGDAKGSARGGDESSKREAUG
GLPAQNAQFALOGSHNY ISPOGOGOHMILPSH]GHE *
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Translated protein sequences from 3 euphratica’s ESTs

ﬁfd??555ﬁ|cd51ﬁﬁ—339|Euphratica

MLPPDURUVARDAQDLLIECCAEF IHLUSSESHEPCSREDKRTIAPEHVLKALQALGFG
>AJTO6B375 | cds3F9. 594 euphratica

MADSDHDSGGQNPTSTHEULFPREMDRFLPUANUSRIMEKALPANAKI SKDAKETUQECUSEFISFITGERAS

>Th3229 75702 |cds172..753 |euphratica
MADSDHESGGHHAVSELSAKEQDRFLPIANUSRIMEKALPAHAK I SKEDAKETUQECUSEFISFITGEASDKCOREKRKET IHG

DDLLWAMTTLGFEEYVEPLKIYLQKYREMEGEKSSMGRPAGEKDGPGGGSGESGAAGGEGGANSTGGGGEGFHGUWYWGARDULY
RDDDDGSSPSRTRURWLUGFTTEVIQGRY
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Populus trichocarpavl.l

Found 18 results

[ Check All ] Displaying results 1 to 18 Uncheck All
Eelevance Type Assigned Name Detail Links
D 1.0 transcript  |F0 000590 1 CCAAT-binding [P T G
factar, subunit
L\\:’ A CHARI
D 1.0 transcript |G L5091 CCAAT-binding P T &
factar, subunit
A THAPS
D 0.s transcript &0 s 2649 1 CCAAT-binding [P T G
factar, subunit
& HAPE)
I:‘ 0.8 transcript  |(F0 LTS5 4 CCAaAT-binding [P T
factar, subunit
e o o o o o e o o o e o o o L N o o .'ﬂaEH%PCEJ L ]
O] 7 08 7 [transcript” [owi i ione.d "[EcaAT binding [P T &
factor, subunit
A HAPS)
I:‘ 0.s transcript &M S1L2124941 CCAAT-binding [P T G
factar, subunit
A IHARZ)
D 0.s transcript | X0 LEET A CCAAT-binding P T &
factar, subunit
A THAPE)
D 0.s transcript  |[FRAILZ 0022035201 CCAAT-binding [P T G
factar, subunit
& THAPS)
I:‘ 0.8 transcript | S 2062 CCAAT-binding [P T

factar, subunit
A IHARZ)
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Each peptide sequence from assembled EST against pfam
for confirming core domain:

[ wellcome trust
\:"‘ sanger HOME | SEARCH | BROWSE | FTP | HELP om
. ]

institute @

Sequence%search results
We found 1 Pfam-A match to your search sequence. You did not choose to search for Pfam-B matches.

The Pfam graphic below shows the arrangement of the domains on your search sequence. Clicking on any of the domains will take you to a page

of information about that domain.

Below showing the details of the domains that were found. Rows containing significant hits are highlighted. Hits which do not start and end at the
end points of the matching HMM are also [ LILDE Loy

For Pfam-A hits we show the alignments between your search sequence and the matching HMM. You can show individual alignments by clicking on
the "Show" button in each row of the result table, or you can show all alignments using the links above the table.

You can bookmark this page and return to it later, but please note that old results will be removed after one week.

Return to the search form to look for Pfam domains on a new sequence.

Pfam-A Matches

Show or hide all alignments.

Description Entry m Bits Alignment Show/hide
P type mmm score mode alignment

CBED NEYB HMF Histone-like transcription factor (CBF/MF- Domain 126.8 5.2e-
%) and archaeal histone 35

$HaL __}:E:._:'_J-.I'."'x.:l::}:!:i.:.]_::i.:g"x.'_='5.:i.;-.'x.E-_'_:EI'."."EEE"_Ef'_i=EJ-.EE'_I'."&'S.E'LR_:L:'_'LEE]'L'_'L-_J—-.?‘{"

$MATCH + LPid++ rIMEHLptigki kdAkH-HecvtelitfitsedtHhotbe EBRTH-HHHHHH A+

£3EQ RYLPIANISRIMERALFPPHGE IGRDARDTVRECVIEFISEITIEASDECORERRRT VHEDDLLWAM B85
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>AJ775556|cds166-339|euphratica
MLPPDVRVARDAQDLLIECCAEFINLVSSESNEPCSREDKRTIAPEHVLKA
LQALGFG

Sequence search results
We found 1 Pfam-A match to your search sequence. ¥ou did not choose to search for Pfam-B matches.

The Pfam graphic below shows the arrangement of the domains on your search sequence. Clicking on any of the domains will take you to a page
of information about that domain.

Below showing the details of the domains that were found. Rows containing significant hits are highlighted. Hits which do not start and end at the
end points of the matching HMM are also [T LLeae.-

For Pfam-A hits we show the alignments between your search sequence and the matching HMM. You can show individual alignments by clicking on
the "Show" button in each row of the result table, or you can show all alignments using the links above the table.

You can bookmark this page and return to it later, but please note that old results will be removed after one week.

Return to the search form to look for Pfam domains on a new sequence.

Pfam-A Matches

Show or hide all alignments.

Description Entry m Bits Alignment Show/hide
P type @mm score mode alignment

Histone-like transcription factor {CBF/NF- Domain 2.2e-
¥) and archaeal histone ’ 11

CBFD NEFYB HMF
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Clustalx alignment in P.trichocarpa homologues to NF-YB1

>d=s13. . 417 | trichocarpa
0043010502 | PekingPDTA
0022035301 | PekingPDTA
>dsl6..390| trichocarpa
3. 00160779 | PekingPDTA
>d=s93. . 623 | tirchocarpa
| cdz1l5-569 | trichocarpa
| cds5..601 | trichocarpa
1=139..711|trichocarpa
>ds47. .45l | trichocarpa
>d=79. . 630| trichocarpa
1=114d..22]1 | trichocarpa
1=156..629 | trichocarpa
>d=s32. . 469 | trichaocarpa

BDOSERS
5 -~ DNESBEONNSNTHTS -ETSS
5 -~ DNESBEQNNSNTHTSTEDS D
5 DNESBORNAVS ————- ELS

b= = = T = I = T = I - - |

b= = = I = = e = = M = R -

cdzl3. . dl7 | trichocarpa
0049010302 | PekingPDTA
0022035801 | PekingPDTA
cdzl6..390 trichocarpa
=3.00160779 | PekingPDTA
>d=z93. . 6253 | tirchacarpa
cdsla-569 | trichocarpa
cds=5. .60l | trichocarpa
12139, .711 | trichocarpa
cdsd7..451 | trichocarpa
>d=z79..630| trichacarpa
1=114d..221|trichaocarpa
1=156..629 | trichocarpa
2da3Z2, 469 trichocarha
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Alignment after appending AtNF-YB1, ZmNF-YB2 and TaNF-YB2

cdzsl5-569 | trichocarpa
cdsd. .60l trichocarpa
d=2139. .71l | trichocarpa
0049010502 | PekingPDTa
0022035301 | PekingPDTA
cdsle. . 390 crichocarpa
TallF-YEZ |aa
ZnFN-¥EZ [aa

gi| 134045585 | AtNF-YE1
=3.00160779 | FekingPDTA
cdsd?. . 451l | trichocarpa
cds93. . 623 | tirchocarpa
cdsl3. . 417 | trichocarpa
dzlld.. 221 | trichocarpa
cds79..630] trichocarpa
dzli6..629 | trichocarpa
cds32. . 469 trichocarpa

P
P
P
P
P
P
P
P
P
17
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Aligment after appending euphratica homologues

cdslE-569 | trichocarpa
cds§. .60l | trichocarpa
cdsl72. . 753 | euphratica
d=139..711|trichocarpa
=3.00160779 | PekingPDTA
cdz93..6253 | tirchocarpa
0042010302 | PekingPDTA
0022035801 | PekingPDTA
cdsl6. . 390 trichocarpa
TalNF-YEZ |aa

gi| 15404555 | AtNF-YE1
ZnFN-YEBZ |aa
cd=379. . 594 | euphratica
cds79. . 630 trichocarpa
cds47. . 451 | trichocarpa
cdsl3. . 4l7 | trichocarpa
d=1l14..221|trichocarpa
d=zl156..629 | trichocarpa
cdsle6-339 | euphratica
cds32. . 469 | trichocarpa

LI T I I e R e ]

]

F
F
F
F
F
F
F
F
F
F
F
F
F
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Alignment of homologues P. euphratica to
AtNF-YB1, ZmNF-YB2 and TaNF-YB2

=379, . 594 | euphratica | ----
:d=172..753 | euphratica | F---
gi| 154045585 [AtNF-YEL | -—--
TalF-YEZ | aa
ZnFN-YEE [aa
cdsle6-339| euphratica
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Analysis on NF-YB motif in identified sequences in
poplar

il
3
3
52 P‘ 5 K
WM ol bl i
N C

LPIANISIIMKKALPpANGKIAKdAKETVQecvSeFiSfiTseASDKcQrekRKTINGDDLLWAMATLGFEDYIEPLKIYIARYRE

The length of the NF-YB subunit core region is 90 residues in an
average.(Maity and de Crombrugghe, 1992). The NF-YB subunits in
poplar have 87 amino acids in length.



Phylogenetic analysis
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P. euphratica
PEG 6000 20%

Sequence:
CV226095
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conclusion

We retrieved a total 18 ESTs and transcripts in P. trichocarpa
(15 )and P. euphratica (3) molecular sequence databases by

computational analysis. And also confirmed that identified sequences
were NF-YB homologues

Poplar tree has more NF-YB subunit family genes than herbaceous
plant ( Arabidopsis 8, wheat 11)

There exist NF-YB genes involved in response to drought stress for
poplar trees. We found a NF-YB gene (naming it afterward) with
EST sequence ID, CV226095, associate with P. euphratica
response to stress by PEG so far.
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