GENE EXPRESSION DIFFERENCES BETWEEN
SHORTLEAF PINE AND LOBLOLLY PINE

AFTER TOP-KILLING

By
YANYAN LIU

Bachelor of Agronomy
China Agricultural University
Beijing
2002

Master of Agronomy
China Agricultural University
Beijing

2005

Submitted to the Faculty of the
Graduate College of the
Oklahoma State University
in partial fulfillment of
the requirements for
the Degree of
DOCTOR OF PHILOSOPHY
July, 2009



GENE EXPRESSION DIFFERENCES BETWEEN
SHORTLEAF PINE AND LOBLOLLY PINE

AFTER TOP-KILLING

Dissertation Approved:

Dr. Charles G. Tauer

Dissertation Adviser

Dr. Liuling Yan

Dr. Yanqi Wu

Dr. Rodney E. Will

Dr. A. Gordon Emslie

Dean of the Graduate College



ACKNOWLEDGMENTS

First, I would like to thank the Department of Natural Resource Ecalody
Management for financial support during the past four years for my st@kiattoma
State University. | would like to thank the service provided by the university and the
community in Stillwater.

| would like to gratefully and sincerely thank my advisor Dr. Charles G.rffaugis
guidance, understanding, and patience during my graduate studies at Oklahtema Sta
University. His great sense of humor always made me in a good mood even if my
experiment was stuck. His continuous encouragement and support made my graduate
study smoother. For everything you’'ve done for me, Dr. Tauer, | thank you.

| would like to thank my committee members Dr. Liuling Yan, Dr. Yanqi Wu, and Dr.
Rodney Will for their guidance over the years. | would also like to thank Diiang
Huang and Angela L. Phillips for their help and support during my first yeaadtigte
study.

| would like to take this opportunity to thank members at the microarray feamldycore
facility at Oklahoma State University for their technical support duriggmcroarray
printing and DNA sequencing.

Additionally, | am very grateful for the friendship and company of John F. Stewaut

forest genetics lab, for his great ideas and suggestions for my expsriarghtor his



sharing of his broad knowledge of American culture, which makes my graduate study
more colorful.

A very special thanks to my friends Qiu Zhong, Lichao Zhao, Chengcheng Tan, Chao
Huang, and Ning Zhang, for their help over all these years.

Finally, and most importantly, | would like to thank my husband, my parents and my

parents-in-law for their support and encouragement during my Ph.D. study.



TABLE OF CONTENTS

Chapter Page
I INTRODUGCTION ...ttt ittt et e e e e e e e e e e e e s s e s s st e e eaaaaaeeaaeaaessaasaaaannnsnsnnnenes 1
Shortleaf pine and 10DIOIY PINE ... 1
FIr€ @nd PINE SPECIES ...uuuiiiii i i i i e e ettt s e e e e e e et e e et e e ee et a e e e e eeaaaaaaeeeeeesssssnnnnns 2
Natural regeneration and artificial regeneration ...............ooouiiiiiiiiiin s 3
Shortleaf pine IS deCHNING .....cvvieeeeeee e 4
[ (ST Tol ] o T=To I {1 PSR 5
Shortleaf pine sprouting and natural regeneration ..............ccoovvvvvveeiiiiiiiiiie e ee e, 5
Utilizing microarrays to profile gene expression related to sproutingaddermancy

][5 LSOO PPPPPUPPPPPRPR 6
EXperimental ODJECHIVES ........oooi i e e e e 7
[I. REVIEW OF LITERATURE.......ccii ittt e e eeeees 11
Y o] (01011 T PSSR 12
Spouting potential of shortleaf pine and loblolly pine............ccccoeeiiiiiiiiiiieis 14
Genes related t0 SPrOULING .....uuuuueeeiiie et e e e e e e e e e e b e e e eeas 16
WhaAL IS OMMEANCY? ..eeiiiii i e e e e e e e e e e e e e e et e e e e b s s e e e e eeeeeeeeeeeeensnnnnnes 17
Bud dormancy VS. SEEA AOIMMANCY ......cooiiiieiiieiiii ittt e e e e e eeeeeee s 18
Types of DU dOIMANCY ......coooiiieeee e e e e e e e e e e e e eeaeeeeananes 19

Dormancy of axillary DUAS...........uuuuuiiiii e 19

Dormancy of buds of perennial plants............oooveviiiiiiii 21
Hormone controlled dormancy release in seeds and buds..............ccooiiiiiiiinn, 22
Sugar signaling and dormancy rel€ase.........ccoovviiiiiiiiiiiiiicee e 24
Oxidative stress and dormancCy relEASE ...........uuuuuuuiiiiiiiee e 25
RETEIEINCES ...ttt e e et e e e e e e e e e e e e e e 27
. METHODOLOGY ..eiiiiiiiiiiieee ettt e e e e e e e e e e e e e s s e e 36
Y= 1] 1= PP PPPPPPPPP 36
Construction of subtractive CDNA lIDraries ... 37
Amplification of cDNA inserts and preparation of cDNA microarray........................ 38
Preparation of probes and microarray hybridization .............ccccoovviiiiiiiiiiiiiiiiies 40
Microarray scanning and data analySiS ............uuuuiiiiiiiiiiee e e 41
DNA sequencing and database Search ... 42
Real time "quantitative” PCR (QPCR) @nalySiS ..........cieiiiiiiieieeiiiieeeeeeeee e 43



Chapter Page

LY o S 1 6 ] R 1 T PP 45
cDNA library construction and array slides preparation .............cooevviiiiiiiiiiiinnieeeeeeeenn. 45
Differentially expressed genes in shortleaf pine and loblolly pinewetdy array
EXPEIMENTS ...ttt e e e e e e e e ettt ettt e s e e e e e e e e e e e eeeeeeeeebbbaan e e e e e e e aaeeeeees 47
Function of differentially expressed genes determined by BLAST search ................. 48
Functional classification Of QENES ..........oooiiiiiiiiiii e 49
Sequence annotation and analysis for differentially expressed genes ...........ccccceeenn... 50
Transcription factor related geNeS. ..........vivviiiiiii e 51
Genes in cell growth and MainteNaNCe..........oovuiiiii i 53
Carbohydrate metabolism related genes..........ooovvviiiiiiiiiii e 56
Genes in signal tranSAUCHION........cuuuieii e e e e e e e e e eanas 59
HOIrmMoNe related geNES. ...... i 61
Fatty acids metabolism related genes. .......c.uvevuiiiiiiciii e 64
TransSporter related geNES ... ccuu i e 65
Protein and amino acid metaboliSM gEeNEeS..........ccvuiiiiiieiii e 66
SIrESS rESPONSIVE JBMES....uuuiietiieitti e eeeet e e et e ettt e e et e e et e e eesa s e eeaa e eesnaeeesnnaaenes 68
Translation related gENES.........iiii e e 73
Real-time PCR to confirm the results from microarray..........cccccveviiviiiiiiiiinneeeeeeeeee 74
RETEIEINCES ...ttt et e e e e e e e e e e e e e e e e e e 78
V. DISCUSSION ..ot e ettt ettt e e e e e e e e e e e e eeeeeenennnens 80
Optimum tissue collection for gene profiling .......ccccooeeiiieeiiiiiiieer e 81
Functional classification Of QENES ..........oooiiiiiiiiiii e 82
Carbohydrate metabolism related geneS........c..ocvvviiiiiiii e 83
HOIrmMoNe related geNES. ...... i 85
Genes in cell growth and MaintenNaNCe..........oevuii i 87
Signal transduction related GENES ... .. .oiiuui i 88
Transcription factor related geNES. ... ... viiiiiiii e e 89
Protein and amino acid metaboliSm genes..........ovi i 90
Fatty acids metaboliSM gENES. ......ccuuiiii e e 91
TranspPOorter related gENES .. ....u ittt e e e e e eeaas 92
SrESS FESPONSIVE JEMES .. utvuuiieieetuieetueeeteeateeateeanaeean ettt eetn e et aeetaeaneeenaersnaarannns 93
Translation related gENES.... ... 95
Transcribed loci with unknown function and genes with no hit in the dtabases.....96
Oxidative stress and dormancCy relEaASE ............uuvuuuiiiiiiiee e 96
Hormone regulated dormancy rel@aSE .........ccceeeiieieeieiiiiiiieeeeereree e e e e e e e e e eeeeaaenns 98
GA's interaction with various genes in dormant bud release in shortleaf pine ........... 99
Application of array results to pine regeneratiompiag...........ccccccevvvvvvviieennnnnnn. 102
RETEIENCES ...ttt e e e e e e e e e e e e e eeeeeaeenannes 103

Vi



APPENDIX | cDNA sequences

Vii



LIST OF TABLES

Table Page
Table 1 Number of upregulated and downregulated genes identified in microarray

[ (01T 1 U= o1 TP 110
Table 2 Transcription factor genes and their expression levels in shontieainl

loblolly pine after tOPKIlliNG .......ccoovii i 111
Table 3 Genes related to cell growth and maintenance and their express®imlevel

shortleaf pine and loblolly pine after top-Killing .............ceeeeiiiiiiiis 112
Table 4 Carbohydrate metabolism genes and their expression levels iresipomdeand

loblolly pine after top-KilliNg ............eeiii e 113
Table 5 Signal transduction genes and their expression levels in shortleaigine a

loblolly pine after top-KilliNg ............eeiiii s 114
Table 6 Ubiquitin related genes and their expression levels in shortleafririeblolly

pine after toP-KilliNg .....ooeeeii e 115
Table 7 Pathogenesis related genes and their expression levels in spiord eaid

loblolly pine after top-KilliNg ............eeiii s 116
Table 8 Hormone related genes and their expression levels in shortleahgitublolly

pine after toP-KilliNg .....ooeeeiie e 117
Table 9 Fatty acid metabolism genes and their expression levels inahoirikeand

loblolly pine after top-KilliNg ............eeiii s 118
Table 10 Transport genes and their expression levels in shortleaf pine and loblly pin

AfEr TOP-KIIING ..o e a e e 119
Table 11 Protein and amino acid metabolism genes and their expression levels in

shortleaf pine and loblolly pine after top-Killing .............ceeeeiiiiiiiiis 120
Table 12 Stress responsive genes and their expression levels in shortleaf pineolind lobl

pine after toP-KilliNg .....oooeeiie e 121
Table 13 Translation related genes and their expression levels in shortleafcine a

loblolly pine after top-KilliNg ............eeiiii s 122
Table 14 Photosynthesis genes and their expression levels in shortleaf piolel@hd |

pine after toP-KilliNg .....oooeeii e 123
Table 15 Transcribed loci with unknown function and their expression levels in shortleaf

pine and loblolly pine after top-Killing ..........ccouuiiiiiiiii e 124
Table 16 Genes with no hit in the databases and their expression levels in shoeleaf pi

and loblolly pine after top-Killing ..........coooiiii s 125
Table 17 Primers used in QRT-PCR........coo oo 126

viii



LIST OF FIGURES

Figure Page
Figure 1 Shortleaf pine and loblolly pine in the gremmde.................cccccceeeeeeneennn. 127
Figure 2 Top cut pines and untreated CONtrolS.............ceeiiiiiiieeieei i 128
Figure 3 Pictures taken during tissue COIlEeCtioN ............ccoeeiiiiiiiiiiiii e 129
Figure 3A Shortleaf pine, two days after top-Killing..........cccoooviiiiiiiiiine, 129
Figure 3B Loblolly pine, seven days after top-Killing.............cccoeviviiiiiiiiiiiiiiinnes 129
Figure 3C Shortleaf pine, one week after Sprouting...........ccccceevvviiviiievineennennn. 129
Figure 3D Loblolly pine, one week after Sprouting.............ooeevuiieeeiiiniiiiinneeeineeees 129
Figure 4 Detailed experimental OULING .............uueeiiiiiiii e 130
Figure 5 Array SHAes [aYOUL ..........oueiiiiiiiii e 131
Figure 6 Tissue collection for Real-time PCR.........ccoooiiiiiiiiiiiciieieee e 132
Figure 7 Venn diagrams of the origin of differentialkpeessed genes................. 133
Figure 8 Functional categories of differentially eegsed genes after top-killing
LT 11T | PP UPPTTR PPN 134
Figure 9 Nucleotide and deduced amino acid sequenc®isRif........................... 135
Figure 10 Alignment of amino acid sequences of SLPh WAM proteins from
SEVEIAI IrEE SPECIES ..uvvvtuiiiii e i i e et e e ettt ettt s e e e e e e e e e e e e e e e e e e e e e e e e e e e aeaeaeeeeeens 136
Figure 11 Nucleotide and deduced amino acid sequefisP2..............c..cc...... 137
Figure 12 Alignment of amino acid sequences of SLPB ®ifM proteins from diverse
] 0 L<T ol =3P TUPTTPIN 138
Figure 13 Alignment of amino acid sequences of SLP3 @itH-like proteins from
IVEISE SPECIES ... ittt ettt e e e e e e e e e e e e e e e e eeeessaennnnn s 139
Figure 14 Alignment of amino acid sequences of SLRA axpansin-like proteins
from dIVEISE SPECIES. ... 140
Figure 15 Alignment of amino acid sequences of SLPB p&ictin-methylesterase-like
proteins from diVErSEe SPECIES. ...ccuuii it 141
Figure 16 Alignment of amino acid sequences of SLPB &l wall-like proteins from
QIVEISE SPECIES. ...iiitiiiiiiiii ettt st et e e et e e e et e e e e et e e e eaaaeeeees 142
Figure 17 Alignment of amino acid sequences of SLWRitlh STT3B-like proteins from
IVEISE SPECIES ... ittt e ettt e e e e e e e e e e e e e e e eeeeeessebnnn s 143
Figure 18 Alignment of amino acid sequences of LLPhwitmethyltransferase-like
proteins from diVErSe SPECIES. ...ccuuiiiiiii e 144
Figure 19 Alignment of amino acid sequences of SLP1B WHT8-like proteins from
IVEISE SPECIES ... it e ettt ettt e e e e e e e e e e e e e e e e eeeeesaebnnnn s 145
Figure 20 Alignment of amino acid sequences of SLP1b RRR motif from diverse
] 0 LT o] =SSR 146



Figure 21 Alignment of amino acid sequences of SLP 1 mialate synthase from

QIVEISE SPECIES ...ieiiiieieiieee et e et st e e e et e e e et e e e et e e e eaan e e eeanaenenns 147
Figure 22 Alignment of amino acid sequences of SLP1B pgtuvate kinase from
IVEISE SPECIES ... ciiiieeeeeeeeee e et e e e e e e e ettt ettt a s e e e e e e e eaeeeeeeeeeseessannnn s 148
Figure 23 Alignment of amino acid sequences of SLP1B frmictose-bisphosphate
aldolase from dIVEISE SPECIES.......ccciiiiiiieeeeirer e e e e e e 149
Figure 24 Alignment of amino acid sequences of SLP2D glucose-6-phosphate 1-
dehydrogenase from diVerse SPECIES. .....ciicemcceerieeeiieeeeii e e e 150
Figure 25 Nucleotide and deduced amino acid sequefisP21....................... 151
Figure 26 Alignment of amino acid sequences of SLP 2 invertase from diverse
] 0 LT o] =3RRI 152
Figure 27 Nucleotide and deduced amino acid sequefi@sP22....................... 153
Figure 28 Alignment of amino acid sequences of SLP 22 wvertase from diverse
] 0 LS o] = 154
Figure 29 Nucleotide and deduced amino acid sequefisP24....................... 155
Figure 30 Alignment of amino acid sequences of SLP 24 protein phosphatase 2C
(PP2C) from diVErSe SPECIES ...cevvuiiiiii ettt 156
Figure 31 Nucleotide and deduced amino acid sequefi@sP25....................... 157
Figure 32 Alignment of amino acid sequences of SLP & tive catalytic subunit of
protein phosphatase 2A (PP2A) from diverse SpeCieS.........ccccvevevvvvnneenns 158
Figure 33 Alignment of amino acid sequences of SLP_LWRA receptor kinase-like
proteins from diVErSE SPECIES ....ccvvuiiieiii e 159
Figure 34 Nucleotide and deduced amino acid sequefisP34....................... 160
Figure 35 Alignment of amino acid sequences of SLRBA the DNA binding domain
Of AP2/ERF from dIVEISE SPECIES.....uuuueiiiiiiee e eeeeeeeeeeiiiics e e e eeeeeaaeees 161
Figure 36 Nucleotide and deduced amino acid sequefisP35....................... 162
Figure 37 Alignment of amino acid sequences of SLP3b autxin-repressed protein
frOM dIVEISE SPECIES ..uuiiii et e e e e e e e e e e eeees 163
Figure 38 Alignment of amino acid sequences of SLP3M giltberellin 7-oxidase
10T 0 IS0 U = T o PP 164
Figure 39 Alignment of amino acid sequences of SLP3B amthocyanidin reductase
from diVErSE SPECIES. ..uiiiiii e e 165
Figure 40 Alignment of amino acid sequences of LLP3 Wahanone 3-hydroxylase
like proteins from tWo Other SPECIES. .......uuvviiiiiiii i 166
Figure 41 Alignment of amino acid sequences of SLP3B amthocyanidin reductase
from tWO OtNEI SPECIES ...oveeeeeeieieciee et e e e e e e e e e e e e e e eenaeeennnaa 167
Figure 42 Alignment of amino acid sequences of SLP4b valeosin from diverse
5] 0 LS 0] = 168
Figure 43 Alignment of amino acid sequences of SLP4h tsi&cylglycerol lipase-like
Proteins from dIVEISE SPECIES .....uvuurieiiiiiie e e e e e e eee e e ettt s e e e e e e e e e e e e eeeeeeeeaennnn 169
Figure 44 Alignment of amino acid sequences of SLP4R @NS1/SUR4 from diverse
5] 0 LS 0] = 170
Figure 45 Alignment of amino acid sequences of SLP4B ARC transporters from
IVEISE SPECIES ... o iiieeieeeeeeeer e ettt e e e e e e e ettt e et s s e e e e e e e e e e e aeeeeeeeessssnnnn s 171
Figure 46 Alignment of amino acid sequences of LLP®&witrogen transporter-like
proteins from diVErSE SPECIES ....cvvviieeiiii e 172



Figure 47 Alignment of amino acid sequences of SLP4M g8rine-type peptidase/

signal peptidase from diVerse SPECIES.......cceeeemmiviiiiieeeiie e 173
Figure 48 Alignment of amino acid sequences of SLP4B aleurain-like protease
fromM dIVErSE SPECIES ...uiiiiii e 174
Figure 49 Alignment of amino acid sequences of SLP4B8 subtilisin-like protein
frOM dIVEISE SPECIES ..uuiiii ittt e e e e e e e e e e e eeees 175
Figure 50 Alignment of amino acid sequences of SLWHA thioredoxinh from
IVEISE SPECIES ... iiiieeeeeeeeeet e st e e e e e e e e ettt ettt e s e e e e e e e eaeeeeeeeeeseesssnnnna s 176
Figure 51 Alignment of amino acid sequences of SLP3M aystatin-like proteins
from diVErSE SPECIES ... i 177
Figure 52 Alignment of amino acid sequences of LLP11ldrRil2 with peroxidase-
like proteins from diVErSE SPECIES......ccceeieiiieeeeeeecre e e e 178
Figure 53 Alignment of amino acid sequences of SLP6D satretory peroxidase-like
Proteins from dIVEISE SPECIES .....uuuureiiiiiie e e e e e et e ettt s e e e e e e e e e e e e eeeeeeaeeennnns 179
Figure 54 Alignment of amino acid sequences of SLP& eytochrome P450 from
QIVEISE SPECIES ..uniieiiieiiiii e et e e s a2 e et e e e et e e e et e e e eaaneeeanneeennnneees 180
Figure 55 Alignment of amino acid sequences of SLP&R aldo/keto reductase-like
proteins from diVErSE SPECIES ....ccvvuiiiiii e 181
Figure 56 Alignment of amino acid sequences of SLP6RB glittathione S-transferase
frOM dIVEISE SPECIES ..euiiii i e e e e e e e e e e e e eeees 182
Figure 57 Alignment of amino acid sequences of SLP_LWRHA LEA from diverse
5] 0 LS 0] = 183
Figure 58 Alignment of amino acid sequences of LLP1tB walactinol synthase from
QIVEISE SPECIES ..u.cieiiiiiiii e et e s s et e e e et e e e et e e e e et e e eenneeennnneees 184
Figure 59 Alignment of amino acid sequences of SLP3B witer deficit inducible
proteins from several other tree SPECIES .......cccvvivvieiiiiiiiiiii e 185
Figure 60 Alignment of amino acid sequences of SLPTB @CP1-like decapping
proteins from diVErSE SPECIES ....ccvvuiiiiii e 186
Figure 61 qRT-PCR results for an invertase-like g&id°@1) in shortleaf pine and
T o] (o ||V o] o 1= 187
Figure 62 qRT-PCR results for an amylase-like gene (SLP22) in shoitieadind
[0 0] (o] Y o] 1 188
Figure 63 qRT-PCR results for an AP2/ERF transcription factor-like #f@34) in
shortleaf pine and 10bIOIY PINE.........cooi i 189
Figure 64 qRT-PCR results for a KN3-like gene (SLP2) in shortleaf pineohludly
11 =S PUPURUORRR 190
Figure 65 qRT-PCR results for a water deficit inducible protein (SLP3&)artleaf pine
and 10BIOIY PINE ... ———————— 191
Figure 66 qRT-PCR results for a receptor-like kinase (SLP_LLP1) itleiopine and
[0 0] (o] 1 Y o] 1 192

Xi



CHAPTER |

INTRODUCTION

Shortleaf pine and loblolly pine

Shortleaf pineRinus echinata Mill.) and loblolly pine Pinustaeda L.) are two important
commercial conifers native to the southeastern United StéBesh species have the
ability to produce wood in large volumes on lands with soils unsuiteichtémsive

agriculture (Nakane, 1994). These pines have the widest natugdsramong all
southern pines, with shortleaf pine having the largest. Much ofeibgrgphic range of
shortleaf pine and loblolly pine is shared. Shortleaf pine occurseas durther north

where it's too cold for loblolly pine to survive.

However, loblolly pine is more financially attractive than shaftlgne, due to its higher
wood production rate resulting largely from its faster juvenile groand greater full-
grown size. Loblolly pines now occupy 65 percent of the commemmiestf land in the
southern United States and directly or indirectly contribute $30 bitidhe economy of
the region (Schultz, 1999; Conner and Hartsell, 2002). Hence, loblollyipemitied

“the pine for the twenty-first century” (Schultz, 1999).



Fire and pine species

Fire is one of the most important ecological factors assutmith pine (Agee, 1998).
Fire is responsible in large part for the wide distribution of piridsich of pine species’
current large ranges are due to its ability to quickly spread to plaees created by
various disturbances such as fire. Disturbances help remove eWieys vegetation,
recycle nutrition and create space for the development of pine regedliWithout
disturbance like fire, pines on better sites might be compldiaijnated and replaced by
hardwoods, because without disturbance the hardwood species develop moyeorapidl

these sites (Denevan, 1961; Kowal, 1966).

Some pine species have developed the capacity to resprouthfatem or root collar to

help survive after disturbance (McCune, 1988). Shortleaf pine, pondRpmss gerotina

Michx.) and pitch pineRinus rigida Mill.) are the three southern pines known to have
strong basal sprouting ability (Fowells, 1965; Stone and stone, 1954). oWlsgor
resprouting from axillary buds can be produced at the base stdheof seedlings of

these species (Agee, 1998). The preformed buds, originally doratexils of primary
needles, are well protected by bark and can sprout followiagrfithese pine species up

to age 10 or older (Ledig and Little, 1979). These buds are connected to the pith by a bud
trace. They remain almost dormant under the bark and grow onljeaehith year so

that the tip can keep pace with cambial growth (Kozlowski.etl891). Under severe

conditions when the leaves, or more seriously, the stem are lost by fire, the imashcipr



is released (Kozlowski et al., 1991). Basel sprouting is, howemgely restricted to

seedlings and small saplings (Stone and stone, 1954; McCune, 1988).

Species with sprouting ability may be more competitive than thoseetiratduce only by
seeds because the sprouts grow faster than seedlings (Biswell, KiZTdwski et al.,

1991). Liming (1945) reported that shortleaf pines developed from sproutst cgug
with other shortleaf pines planted at the same time as thaalhgtop-killed shortleaf

pines, and later even surpassed undamaged planted shortleaf pine in height.

Natural regeneration and artificial regeneration of pine

Natural regeneration of pine species includes regeneration throtigialreeedlings or
from sprouts (Butler, 2003). However, most pines have limited atwlitggenerate from
sprouts, with several exceptions including shortleaf pine. Thus, nadgeheration of
pines generally depends on seeds provided by older trees leftdhegenerate the site
(Duryea, 1992). Natural regeneration has its advantages, susWweascbst, less labor
and ensured adaptation of the native stock to the site (Edward, 1198Wever, due to
limited seed production, and competition for light, nutrition and space, qpeeies’
natural regeneration rates can be quite low in any given y@&aing, 1945). The
competition with natural regenerating of pine stands can come fther &rees and

shrubs, grasses, and woody vines.



Artificial regeneration methods include planting seedlings or diseeiding (Butler,
2003). In recent years, pine management has changed from dependendaran na
regeneration to artificial regeneration by planting seedlings sowing seeds
(http://www.forestencyclopedia.net/p/p599). Despite its higher indtest and labor,
artificial regeneration has its own advantage: it reduces tiime required for
establishment, provides better control of spacing, and allows ektabhs of genetically
improved trees (Edward, 1987). Due to the financial attractivesfegiowing loblolly
pine compared to shortleaf pine, many more areas of loblolly pineearg regenerated
by artificial regeneration, even on those lands which were origir@ktupied by

shortleaf pines (Moser et al., 2008).

Shortleaf pine is declining

The acreage and volume of shortleaf pine has been decreasing tharitagtt several
decades (Moser et al., 2008). The decline is due to the followimgetasons. One is
landowners’ preference for loblolly pine. In much of the origstadrtleaf pine range,
shortleaf pine is being replaced by loblolly pine through plantatstabBshment.
Secondly, shortleaf pine’s establishment is more dependent on distiddenfire than
most other tree species. However, disturbance is extremsslyicted in today’'s
increasingly urbanized world (Johnson et al., 2002; Moser, 2003; Mbsdr, 2008).
Due to lack of disturbances like fire in shortleaf pine stands, when shortleabpowse
overmature and die, midstory hardwoods tend to dominate the stand arwk ré@a

original shortleaf pine.



Prescribed fire

Fire is an important factor in forest ecosystems. It is @omdisturbance, and if
uncontrolled, it can result in stand replacement. Unlike wildfirescribed fire is now
utilized in forest management because it is helpful in improviggneration. First,
prescribed fire can effectively reduce built-up fuel levels, andadsafor the outbreak of
a stand-replacing wildfire are greatly reduced after appin of prescribed fire. Second,
after prescribed fire, site conditions are more favorable foreitiablishment of pine
seedlings, as non-fire-adapted resource-competing speciesnargatdd. Third, more
nutrition is available for pine seedling development, as otherwisebilized nutrients
from other understory vegetation are released to the soil afeer(Sichultz, 1997).
Therefore prescribed burning is used for regenerating southeza either by artificial
regeneration, or natural regeneration (Pritchett, 1979). Presdimbad considered the

most economical site preparation tool (Luke et al., 2000).

Shortleaf pine sprouting and natural regeneration

Shortleaf pine’s strong sprouting ability and prescribed fire mbghtiseful for natural
regeneration in silvicultural applications. Prescribed fire oy helps to promote
shortleaf pine seedling establishment on the site by providiregpd Ised and nutrition
recycled from other above-ground competing species, but also dlsispecies with
less fire resistance that would otherwise compete for the mso(ivioser, 2003; Moser

et al., 2008). When prescribed fire is applied, some shortleapaalings or saplings



might be killed, but sprouts developed from top-killed stems and stewmtleaf pines
developed from seeds may provide adequate regeneration. Spouting islessich

common in loblolly pine than in shortleaf pine (Schultz, 1997).

Utilizing microarrays to profile gene expression related to sproutinglue to

dormancy release

Microarrays have been utilized to answer many diverse biologioestions since the
middle of the 1990s (Chee et al., 1996; van Hal et al., 2000). The microarray method was
developed on the principle that complementary nucleic acids hydndih each other.
Unlike other techniques for the analysis of gene expression at thEArfeRel, such as
Northern blot hybridization (Kevil, 1996), differential display (Liaagd Pardee, 1992),
or serial analysis of gene expression (SAGE; Adams 1996), nmayosachnology can
be utilized to examine the expression pattern of large subsgéne$ simultaneously for
any particular organism at any developmental stages and unded esvironmental

stimuli (Duggan et al., 1999; Richmond and Somerville, 2000).

The microarray method has been used for many different purposesaswedmparing
global expression profiles under different environmental conditions (Beynet al.,
2000) and identifying genes of specific functions (Park et al., 2006; Ducrelux2§0s).
Recently several microarray experiments have been carriedtooydrofile genes
responsible for dormancy release of buds of perennial treescaeuhpal grasses (Huang

et al., 2008; Mazzitelli et al., 2007; Pacey-Miller et al., 200BJpormally, for a cDNA



array, the cDNA clones printed on the slides and the labeled mi/Adized to it are
from the same species, but researchers have utilized sd talbss hybridization”, and
found that when fluorescent tagged leafy spurgepltorbia esula L.) mRNA is
hybridized toArabidopsis cDNA based array slides, 60% of the cDNAs show successful

hybridization (Chao, 2002).

Experimental Objectives

Although there have been many investigations of dormancy, the nalenathanisms
that control the transitions into and out of dormancy are stilleanchnd to this author’s
knowledge, there is no report on the molecular mechanism involved in dornedease
that leads to sprouting in pine species. This study aimed tdfydgetes that lead to
shortleaf pine’s quick bud break and prolific sprouting after top-&t to explain why
shortleaf pine and loblolly pine have huge differences in response rtadcy release
after top-killing besides the fact that dormant buds arerbattéected from disturbances
by the J-shaped crook of shortleaf pine. The results generatedtlirorexperiment
might be helpful in shortleaf pine regeneration planning asagefimply understanding

the process.
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CHAPTER Il

LITERATURE REVIEW

Loblolly pine (Pinustaeda L.) and shortleaf pineP{nus echinata Mill.) are commercially
important tree species in the southeastern United States,aaud shay be successfully
regenerated by either natural or artificial methods. Inmexgged stands, pine seedlings
are frequently top damaged by a wide variety of animals, indectstry operations and
fire (Bond and Midgley, 2001). Small seedlings in natural strandesgrecially at risk,
as they are not protected like seedlings in a nursery. Angualsas cows and deer may
eat them. Harvest activities may damage existing nategegneration. Wildfire is
common in forest areas and prescribed fire is applied to reduraedous fuel buildup
and help create an exposed soil bed to encourage desired regeneratiowildire and
prescribed fire can cause severe damage to pine seedlings., sphosting ability
following top-kill may be an adaptation to insure survival followingne of these kinds

of damage.

Sprouting is a well-organized mode of vegetative recovery, which helpsr the
damaged tree after top-killing (Blake, 1983; Yamada et al., 20@19pecies’ sprouting
ability is responsible for how well plants can recover followiog tamage. Shortleaf

pine’s sprouting ability after top-kill by fire is well reaniged among southern
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pines (Boucher, 1990; Bellingham, 1994; Everham and Brokaw, 1996). Loblollyspine
also found to be able to sprout after top-kill, but its sprouting alaldgg the base of the
stem after fire damage is significantly reduced comparsetiddleaf pine (Shelton, et al.,
2002). Shortleaf pine’s strong ability to sprout following fire istiply due to its
characteristic J-crook, by which the stem of young shortleaf pins parallel to the
ground for a few centimeters before growing vertically. Tdasal crook helps bring
dormant buds in contact with the soil surface and allows shortleaftpi sprout near
ground line by avoiding fire kill of that portion of the stem. For ddiplpine, dormant
buds on the stem above the cotyledons are exposed to and usually kilied(Byélton,

et al., 2002).

Sprouting

Sprouting in plants is a form of vegetative recovery, which helps damglgets to
survive (Yamada et al., 2001; Bond and Midgley, 2001). For some treespach as
the rainforest tre@&lothofagus cunninghamii, which can regenerate both from seeds and
by sprouting, sprouting is more common than regeneration by seed fajldiné or
drought on drier and less fertile sites (Read and Brown, 1996n@wdim, 2000). After
fire, plants that can not sprout (eg. non-fire adapted species)odabpr most threatened
by extinction from the site, while resprouters survive. Survivadgrputing is therefore

a good adaptation for regeneration (Johnston and Lacey, 1983; Ohkubo, 1992y Midgle
1996). Sprouting following top-kill can occur higher in the canopyt ehebase of the
plant (Bond and Midgley, 2003). For the latter, there are four basmting types:
“collar sprouts from the base of the trunk, sprouts from specialinddrground stems

(lignotubers and rhizomes), sprouts from roots (root suckering), and opistict sprouts
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from layered branches” (Del Tredici, 2001; Bond and Midgley, 2003).

Sprouting at the base occurs in certain species when the above-gatiods of the
plants are cut down or are killed by fire or other kinds of damsgeh as animals
browsing, logging, hurricanes, etc. (Putz et al., 1989; Yamada et al., 200Emperate
and tropical forests, sprouting is a common means of regeneaftigoriorest harvesting
(Webb et al., 1972; Knight 1975; Zahner et al., 1985). Plants of diffagentand size
have different sprouting abilities (Bond and Midgley, 2001). Many capgirm tree
species can sprout after top-killing when they are seedlngssaplings, while most
conifers can only sprout when they are seedlings (Del Tredici, Zififd and Midgley,
2003). Sprouting abilities also vary according to type and seadritjury (Bellingham
and Sparrow, 2000; Bond and Midgley, 2001). Almost all plants are abéspoout
when exposed to minor herbivory (Ito and Gyokusen, 1996; Chamberlin and Aarssen,

1996).

It is generally accepted that resources are needed frorarttaening stems and roots for
sprouting, when trees are top-damaged. But disagreement existeegard to where
these resources come from. Kramer and Kozlowski (1979) suggefirttta sprouting
of woody plants, resources come from the stumps and roots; whileviisigation of
Sakai and Sakai (1998) shows that for the sprouting of a Mediterrashealm named

Euptelea polyandra, the resources are from above ground.
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Carbohydrates (mainly starch and soluble sugars) are the memjources used for
sprouting. Bowen (1993) and Canadell (1998) reported that carbohydratest
depleted among all nutrients (eg. Carbohydrate, nitrogen, phosphorus anl aer
sprouting of the shruBtirlingia latifolia. It takes two years for the shrub to recover to
pre-fire carbohydrate levels (Bowen and Pate, 1993). Will and Tangeulflished paper,
2006) proposed that a difference in carbohydrate availability isseon why shortleaf
pine sprouts more vigorously following a winter burn than a summer baraddition to
carbohydrates, other nutrients such as nitrogen, phosphorus, potassiumgaediuma,
are required for sprouting (Miyanishi and Kellman, 1986; Canadell anézL8pria,
1998). Pate (1990) reports starch storage is higher in roo¢prouters than for none-
sprouters (also called seeders). The signal process invaltled use of these nutritional

resources for sprouting is not known.

Sprouting potential of shortleaf pine and loblolly pine

Shortleaf pine and loblolly pine are two southern pines that at agyage can sprout
after top-killing. When top damaged, the potential for recovery of both shortteaépd
loblolly pine is good, with shortleaf pine having a stronger sprguahility. Top-
damaged shortleaf and loblolly pine sprout from dormant buds in tlseoéxhe primary
needles and the base of secondary needles. Lateral buds or sh@d$® cvelop into
dominant ones (Shelton and Cain, 2002). Spouting in pines is restrictedgortion of
the stem above the cotyledons, where primary needles exist. Ngefadigoroduced on
the hypocotyl, which is the stem between the root collar and tieedohs. Therefore,

stem death below the cotyledons will lead to the death of the see@imglson and Cain,
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2002). Adventitious buds on roots, which are used by hardwoods for vegetative
propagation (Kramer and Kozlowski, 1979), are rarely seen in mdtardeaf pine and
loblolly pine. Adventitious rooting ability of shortleaf pine and lolylgdine is lost with

maturation (Diaz-Sala et al., 1997).

Top-killed shortleaf pine saplings can sprout from dormant buds, whecpraviously
developed in the axils of the primary needles (Stone and Stone, 1954)e&@8hmne has
a characteristic J-shape-crook in its stem at ground-line, hwiscusually a few
centimeters long. These crooks cause the stems of young shoirkead run parallel to
the ground before they grow vertically. These crooks help to keegarmant buds near
the soil surface, which is proposed to be responsible for faalisggeuting (Shelton and
Cain, 2000). Buds on the soil surface or in the litter-layer siéf&s damage from

animals and fire than erect stems. Loblolly pine has erect stems.

Shelton and Cain (2002) reported that more than 95% of one-year-old ahpitie
seedlings survived by sprouting after a winter burn, which top-killetbst all the
seedlings (>99%). Sprouting ability decreases when shortleafbprwames older and
larger. But Harlow et al. (1979) reported that shortleaf pine gisEout even when
they are 10 years old, when their main stems are top-killedréyff cutting. Moore
(1936) reported that shortleaf pines of four or more inches in diardatedevelop
sprouts but with less vigor than younger and smaller trees. Eees dver six-eight

inches in diameter may still sprout (Fowells, 1965).
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Unlike shortleaf pine, no J-shape crook is developed on loblolly pine sged protect
the dormant buds from fire. But if loblolly pine seedlings aratpld with the cotyledons
below ground level, survival by sprouting is improved flowing top-dgenaShelton and
Cain (2002) reported that for one-year-old loblolly pine seedlingsawbeage length of
hypocotyls is 0.6-1.6 inches. For three-year-old seedlings, ibowveahe cotyledon, the
survival rate from sprouting was 97% for winter cut trees and fa8%ummer cut trees

(Shelton and Cain, 2002).

Genes related to sprouting

Sugars not only play a central role in metabolism to provide nutrition and energy,dout als
function in gene expression regulation (Koch, 1996; Smeekens, 1998). Reyuiat
gene expression by sugar is involved in a number of physiologicati@relopmental
processes, such as seed germination (Garciarrubio et al., 1997 steimkehd Lynch,
2000), flowering (Corbesier et al., 1998; Bernier et al., 1993), photosynifkasipp et

al., 1993; Araya et al., 2006) and tuber formation in potatoes (MullerrRobla., 1992;
Gibson, 2000). Change of sugar concentration may be associated wghroling
process, and it is possible that this kind of change may be respdosibbgulation of
gene expression involved in sprouting. However, to this author's knombkdgeis no
report on sugar signal transduction associated with tree sgyouiivhat genes, how
many genes, and how they are involved in sprouting is still obscure. With more and more
research reported related to dormancy release in buds and sekdsilel review of

genes related to dormancy release which leads to sprouting is of interest.
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What is dormancy?

By definition, dormancy is “the temporary suspension of visible gravithny plant
structure containing a meristem” (Lang et al., 1987). Woodgnmal plants rely on
dormancy for survival; bud break of woody perennials plants is teguly a dormancy
release mechanism seasonally (Olsen, 2002; Viemont and Crabbe, 20 &nhd
Bhalerao, 2007). In addition, dormancy in some plant organs (such ds) see
meristems also plays an important role in controlling plant morptatige characters
(Horvath et al., 2003). Dormancy makes it possible for axillaryshbiodreplace a

damaged primary shoot (Shimizu-Sato and Mori, 2001; Olsen, 2002).

Dormancy can be classified into different types accordinghéo different dormancy
developmental stages: induction, maintenance, and breakage (Olsen, 2002¢.
commonly, dormancy is divided into three types: eco-, para- and endo-dormangyefl
al.,, 1987). Ecodormancy is suspension of growth provoked by limitations in
environmental factors. Paradormancy is arrest of growth imposephysiological
factors coming from another part of the plant outside of the dormanet{®Isen, 2002).
Endodormancy is a type of dormancy controlled by internal factarsnwthe dormant
tissue and it is released only when a chilling requirement is(baag et al., 1987).
Dormancy of axillary buds fall into the paradormant categosysach dormancy is
caused by apical dominance, an inhibitory effect caused by growica &uds, which is
a factor in the plant but outside of the dormant tissue (Olsen, 2@®)rtleaf pine and
loblolly pine have axillary buds located in the axils of the primaggdles. The buds

remain in a paradormant state after formation. The budek@sed from dormancy if
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apical dominance is removed by loss of the main stem.

Bud dormancy vs. seed dormancy

There is some commonality between bud and seed dormancy. x&mple, seed
germination and bud break may be induced or inhibited by similar gn@gulators, and
these processes are regulated similarly as well (Powell, D88#is, 1996; Olsen, 2002).
In seeds of specific plant species, such as sweetgugoidambar styraciflua), the
chilling requirement for breaking dormancy is similar to thattfer buds. However,
seeds have potential internal controls, while buds are part of #m @hd may be
affected by other parts of the plant (Crabbé and Barnola, 1996; (2868). It is
reasonable to assume that differences exist between bud dormadneseal dormancy of
the same species, and also for bud dormancy or seed dormancy befieeent dipecies.

But until now, there is little detailed information on these differences.

Types of bud dormancy

Dormancy of axillary buds

Axillary meristems, so called plant stem cells, are fornmethe axils of leaves on the
primary shoot axis (Geier et al., 2008). After initiation, arlaneristems form axillary
buds (Schmitz and Theres, 2005; Beveridge, 2006). After formationputie may
continue growth to form axillary shoots. Or, most often, the bud rendonmant
indefinitely unless its growth is triggered by one or more dums its developmental

program or from the outside environment (McSteen and Leyser, 2005; St8atzwand
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Mori, 2001).

Indefinite dormancy is caused by “apical dominance”, which isifthiéitory control of
the shoot apex over the outgrowth of lateral buds” (Cline, 1991; Napali, €t989).
Apical dominance was demonstrated by a well-known decapitation , studich
examined the inhibiting function of the shoot tip on the outgrowth of axilbauds
(Thimann and Skoog, 1933; Bangerth, 1994). Environmental cues or developmental
programs or both can function to release apical dominance (ShimizwaSat®ori,
2001). Most interestingly, apical dominance plays an important ropamt survival
mechanisms. If the primary shoot is damaged or removed afterbdiste like grazing,
pruning or fire, axillary meristems in indefinite dormancy milgélp the plant to survive
by replacing the damaged primary shoot, as is seen in sognaneannual plant species
(Klimesova and Klimes, 2003 and 2007; Anderson et al., 2001; Shimizu-Satoand M
2001). For tree species, it seems that apical dominance isrjyiimited to the
juvenile stages (Cline, 2000), which may be why some tree spékeshortleaf pine,
can resprout at an early age following top-kill or serious damagelooses this ability

with maturity.

It is known from the decapitation study that it is auxin, whichreuced mainly in the
growing shoot apex, that inhibits the immediate continued developmentillarya

meristems and results in so called “apical dominance”. Itfudlser reported that by
adding auxin to tops of decapitatgttia faba plants, growth inhibition of their axillary

buds is resumed (Thimann and Skoog, 1933). Transgenic studies alsmedrifie role
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of auxin in apical dominance, showing reduced branching ability witinaeased level
of auxin, and vice versa (Klee and Lanahan, 1995). Despite inteesgarch on the
function of auxin, how it acts in plants is still much a mystefp date, it is known that
auxin works indirectly on the dormant bud, and direct application of daaxiuds does
not inhibit their outgrowth (Klee and Lanahan, 1995; Ferguson and Bgee?2009). It
has been noted that levels of auxin in buds rise as they resumin gkaneoln et al.,

1990).

Although auxin is the major player in apical dominance, its functioregsilated by
several other secondary messengers, including cytokinin, abacisic(ABA), and a
newly discovered hormone which inhibits bud growth in géiau(m sativum L.) and
branching inArabidopsis, namedrms and max, respectively (Beveridge, 2000; Morris et
al., 2001). Cytokinin functions to promote bud outgrowth, and by applying cytotani
tops of decapitatedrabidopsis plants, buds begin to grown in spite of the existence of
apical auxin (Chatfield et al., 2000). ABA is found to be associated with theemante
of dormancy in both apical and axillary buds of woody plants (Frewah, &000). The
level of dominance can be determined by assessing the ABA croatoamt which is
found in both the decapitation study with regard to the effect ofimteeflormancy on
European white birchBgtula pendula Roth) and in the study of isolated buds Rdsa
hybrida cultured in vitro (Galoch et al., 1998; LeBris et al., 1999)Ariabidopsis, ABA
application to tops of decapitated plants functions to enhance the ampibitfect of

apical dominance due to apical auxin (Chatfield et al., 2000).
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Dormancy of buds of perennial plants

In perennial wood plants, dormancy is a key factor in their survikény temperate
trees grow in a fashion of alternative bud flush and growth ai@eablé and Barnola,
1996). By adopting a dormant state in meristems, during whichuttte are insensitive
to growth-promoting signals, woody plants remain freeze-tolecaptdtect themselves
against severe weather conditions in the winter (Kozlowski, 1943; WéBe0). When

weather conditions become favorable, woody plants resume growthhsittelease of
dormancy in the bud meristems. There is little known about the misaindehind the
seasonal cycling between growth and dormancy of perennia &med it is as yet
unknown whether these dormancy mechanisms are similar to thoseaaflidey buds of

herbaceous and woody plants (Rohde and Bhalerao, 2007).

Photoperiod is known to control the establishment of dormancy by tmgggrowth
cession of many trees (Nitsch, 1957; Rohde and Bhalerao, 2007). The phbdtsjgral

is sent to the plant apex by leaves (Hemberg, 1949; Wareing, 1966)hich
photochrome and two newly found gem@OWERING LOCUST (FT) andCONSTANS
(CO) play an important role in sensing short-day signals for grovasaten (Bohlenius
et al., 2006). Interestingly, theT and CO genes had been previously found to be
involved in floral meristem transition in photoperiodic controlled flongrin long- and

short-day plants (Hayama and Coupland, 2004).

It is known that for most plant species, dormancy can only be rdl@dsen a chilling

requirement is met (Falusi and Calamassi 1990; Myking and H&88). The most
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interesting discovery with regard to woody plant dormancy releasige finding of a
FLC (FLOWERING LOCUS C)-like gene, which shows differential expression during the
completion of the chilling requirement Fopulus (Chen and Coleman, 2006; Rohde and
Bhalerao, 2007)FLC is found to be involved in vernalization Afabidopsis (Sung and
Amasino, 2005). The similarity between vernalization and dormanegse is that a

chilling requirement must be met before growth resumes (Rohde and Bhalerao, 2007).

Hormone controlled dormancy release in seeds and buds

Most of what is known about hormone controlled dormancy release in aeedsids is
obtained from research reports on seed dormancy release bafoieagen. Multiple
factors work cooperatively to achieve seed dormancy releasedimg environmental
cues, endogenous hormones, and other small molecules in the pladdo(Rnkelstein
et al., 2008). The relative abundance and sensitivity of endogenous ABa4aark the
key regulators of breaking dormancy, with ABA functioning to main@dmmancy,

while GA progresses toward release and germination (Thomas et al., 2005).

Gibberellins (GA) are plant hormones belonging to a subfamilgtoddyclic diterpenes
(Thomas et al., 2005). Increased GA levels and sensitivitybaite reported to be
associated with dormancy release in seeds of most speciesn md species is
germination found to be stimulated by GA treatment alone (Fitgielst al., 2008; Ali-
Rachedi et al., 2004; Bewley, 1997; Derkx et al., 1994). GA functions toopgom
germination by inducing multiple enzymes, which work not only to induce linafion

of seed storage reserves, but also to promote embryo expansioley(Bewl Black,

1994). Resultant mobilized reserves and softened seed tissuesheaded for growth
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(Finkelstein et al., 2008).

GA synthesis is required for dormancy release. Investigations $fawen that in
dormancy releasedrabidopsis seeds, the expression level of one GA biosynthetic gene
GA30x2 (GIBBERELLIN 3 OXIDASE) is about 40 times of that ofeds still in
dormancy (Finch-Savage et al.,, 2007). ExperimentsAoabidopsis and tomato
(Solanum lycopersicum L.) show that those plants with mutant genes for GA synthesis
fail to germinate (Mitchum et al., 2006; Steber et al., 2007) dsSeksome species have
to go through stratification before germination. During stratifom, function of genes
involved in GA biosynthesis is increased, while function of those gemek/ed in GA
catabolism is decreased (Yamauchi et al., 2004). One of the knowiveaggulators

of GA is DELLA (named after a conserved amino acid motif; SunGubler, 2004).

GA stimulates germination by degradation of the DELLA protéirgzumi and Steber,

2007; Tyler et al., 2004).

ABA can inhibit germination, and ABA’s concentration is positivetyrelated with the
level of dormancy (Morris et al., 1991). Genes involved in ABA catsiimohave been
found to function in dormancy release (Cadman et al.,, 2006; Millaal.et2006).
Accumulated HO, can promote dormancy release through pathways that lead to ABA

breakdown (Bailly, 2004).

Ethylene is another kind of phytohormone found to promote dormancy relelase

stimulates seed germination through antagonistic interaction ABA signaling.
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Increased dormancy, increased sensitivity to ABA during seswmnigation, and
increased ABA synthesis are found in seeds of ethylene rdsigeeptor mutants

(Beaudoin et al., 2000; Chibani et al., 2006; Ghassemian et al., 2000).

Sugar signaling and dormancy release

Sugars have been shown to function as signaling molecules in plardmaeet through
regulation of gene expression (Jang et al., 1997; Sheen et al.,, 19%9;aHp 2001).
Sugar signaling and its role in dormancy release are best domdrfer leafy spurge
(Euphorbia esula L.), an invasive perennial weed in North America (Horvath and
Anderson, 2002). Chao et al. (2006) reported that bud break and new shodt growt
results in decreased level of endogenous starch and sucrose, botemsad level of
fructose, which is the exact opposite of what is found in buds thaihadermancy
(Anderson et al., 2005). The increased level of fructose might nosapply an energy
source for sprouting, but also function as a signal molecule to tatkssvith other
signalling molecules such as plant hormones, calcium, phosphatase and. kinas
Interestingly, GA is proposed to promote the synthesis and activilyamylases and
invertase, two key enzymes in carbon metabolism (Jones et al., 18k@ydwa et al.,
2002; Koch, 2004). Sugar is proposed to interact with GA (Gesch et al., 2A@iMect
application of sucrose and glucose to leafy spurge roots inhibited wdagrowth after
decapitation, while the application of GA cancelled the effect, ithuas suggested that
sucrose or its metabolites inhibited the GA response pathway odaimen of active
GA's is decreased due to the presence of excessive extrgsiss (Gibson, 2004; Chao

et al., 2006). Sugar-signaling is proposed to play an important rofeguiating

dormancy of leafy spurge’s underground adventitious buds (Anderson et al., 2005;
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Horvath et al., 2003). Unlike in axillary buds, the paradormandydrativentitious buds
is not only controlled by auxin from the shoot apices, but also by ssigagls

transmitted from the leaves (Horvath, 1998; Horvath, 1999; Horvath et al., 2002).

Oxidative stress and dormancy release

In general, active oxygen species (AOS) are highly reactive andazsse damage to a
majority of biomolecules, such as nucleic acids, enzymatic protamascell membranes,
and therefore AOS are considered to be toxic to the cell (ebyr, 1997; Beckman and
Ames, 1997; Bailly, 2004). AOS are produced during electron transport processes, whe
oxygen is originally involved as an electron acceptor (3a004). Dormancy break in
seeds and buds is associated with a sudden increase in respaetioity and an
enhanced production of AOS, as mobilization of lipid requires beta-@mgdathich
produces KO, (Huang et al., 1983). Antioxidant molecules and enzymes, such as
catalase (CAT) and reduced glutathione, have been widely cabider being of
particular importance for the AOS accumulation process (KraanérGrill, 1993; De
Gara et al., 2003; Tommasi et al., 2001). In addition, a rapid atatiom of HO, is

seen in wounded plants (Angelini et al., 1990),0Hhas been found to function as a
second messenger for the induction of defense genes in the plant wortegpogse

(Orozco-Cardenas et al., 2001).

Besides wounding, AOS are proposed to function as signaling medeaul plant

responses to many other various stimuli through interactions with ptbégins and

molecules, such as MAP kinase (mitogen-activated protein kiGaseyel et al., 2000),
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calcium (Bowler and Fluhr, 2000; Rentel and Knight, 2004), phytohormones and
jasmonic acid (Vranova et al., 2002). AOS are also found to be invotvdtei

regulation of gene expression (Desikan et al., 1998; Desikan et al., 2001).

Of interest, AOS and antioxidants also play an important roleseed dormancy
regulation (Bailly, 2004). Increased levels of(d tend to promote dormancy release in
seeds of barleyHordeum vulgare L.; Fontaine et al., 1994; Stacy et al., 1996) and apple
(Malus Mill.; Bogatek et al., 2003). It was shown that by using chesiitteat inhibit
catalase activity, germination of sunflow@telianthus annuus L.) seeds (Oracz et al.,
2007) and sprouting of potat&fanum tuberosum L.) are promoted due to dormancy
release (Hendricks and Taylorson 1975; Bajji et al., 2007). Witrdeto bud dormancy
break, high HO, levels were seen during dormancy release in the buds of grapevine
(Vitis vinifera L.; Pacey-Miller et al., 2003; Perez and Lira, 2005). It is prapoisat

H,0O, might decrease ABA content and activity througtOksignaling, and decreased
ABA activity in turn leads to dormancy release. There is abureladénce supporting

this hypothesis. For example, Bogatek et al. (2003) have showaotima&ncy release of
apple embryos by cyanide includes an increase,{ ldoncentration associated with a
decrease in ABA concentration. In addition to ABA, increaseglerik production
promoted by HO, signaling is demonstrated to be involved in breaking seed dormancy

(Corbineau and Come, 1995 and 2007).

Although there have been many investigations of dormancy, the molecathanisms

that control the transitions into and out of dormancy are still undeathis author’s
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knowledge, there is no report on the molecular mechanism involved in dornedease
that leads to sprouting in pine species. This study aimed ntfiderhat genes lead to
shortleaf pine’s quick bud break and prolific sprouting after top-&iij to explain why
shortleaf pine and loblolly pine have huge differences in responsor@ancy release
after top-killing. Hopefully, the results generated from #tisdy might be helpful in

shortleaf pine regeneration planning.
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CHAPTER IlI

METHODOLOGY

Materials

Four hundred one-year-old shortleaf pine and 400 one-year-old loblolly pineobéare
seedlings, from the Missouri Department of Natural ResourceBNR) nursery and the
Oklahoma Department of Agriculture Food and Forestry (ODAFF)emyrsespectively,
were planted in potting compost soil in plastic pots in the NRfgd&énhouse (Figure 1).
The loblolly pines were planted on April 16, 2007, and the shortleaf piaes planted
on April 18, 2007. For convenient tissue collection from both the cutiagnient and
the corresponding control treatment, the seedlings of both shquiteafnd loblolly pine
were divided into two groups, with 200 seedlings in each group. One greusesd for
a cutting treatment, and the other was for a control treatrRantré 2). On May 6, 200
shortleaf pines and 200 loblolly pines in the cutting treatment grouges taye cut with
one inch of stem remaining above the soil. In the following des®jds were collected
from shortleaf pine and loblolly pine every day. For the treatrgenips, the remaining
one-inch stems on 10 individuals were collected daily. For the cogtonips, 10
seedlings were cut every day to collect the one-inch stem ségimave ground level. If

sprouts were seen in the treatment group, stems with sprouts arsdvgtbout sprouts
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sprouts were collected separately. The collected matergats kept on ice for about one
half hour until they were transferred to a -80°C freezer. Forlshbgine, sprouts were
seen on the stumps two days after top-cutting (Figure 3A and 3&ns Svithout sprouts
collected on the first and second day were used for subtractidé dibraries. For
loblolly pine, sprouts were seen seven days after treatmentteand sollected on day
six and seven after treatment were used (Figure 3B and 3fgr t&sue collection, the

experimental approach used is outlined in Figure 4.

Construction of subtractive cDNA libraries

Total RNA was extracted from shortleaf pine and loblolly pissug samples collected
as described above. As we aimed to identify genes responsibf@datisg in shortleaf
pine and loblolly pine after top-killing, only tissues collected hefbre visual sprouting
occurred were used for cDNA library construction. For shorpesad, samples collected
24 hours and 48 hours after the cutting treatment were used; and faoltylqiihe,
samples collected six and seven days after treatmentusede Stem tissue was ground
into a fine powder in liquid nitrogen and total RNA was extraédddwing the pine tree
RNA isolation method described by Chang, et al. (1993). cDN&s wbtained by using
the Super SMART cDNA synthesis kit (Clonetech, Palo Alto, Cand cDNA
subtraction was carried out using the PCR-Select cDNA sulotnakiti (Clonetech, Palo
Alto, CA) according to the manufacturer's recommendations. In, bivief different
cDNA subtractions (forward subtraction and reverse subtractiong® weried out to
construct forward and reverse cDNA libraries, respectively bbth shortleaf pine and

loblolly pine. For the forward libraries, cDNA from cuttingdted shortleaf pine and
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loblolly pine was used to produce the “tester” (Tester is th&lA that contains
differentially expressed transcript to be identified), and cCitddn uncut shortleaf pine
and loblolly pine collected at the same time was used to syn¢hibxs “driver” (Driver is
the cDNA that is used as the reference). For the reviensgiés, cDNA from uncut
shortleaf pine and loblolly pine was used to produce the “tester”, wBild¢A from

cutting-treated shortleaf pine and loblolly pine was used to productlithe”. Two

rounds of subtractive hybridization and PCR amplifications wer@eed according to
CLONTECH instructions. The resultant PCR products were cloned into the pPOR8
T/A cloning vector (Invitrogen, Carlesbad, CA), and transformedHEntomli TOP10 cells
(Invitrogen, Carlesbad, CA). Spectinomycin-resistant colonies piekeed and grown
overnight in liquid LB medium containing spectinomycin. The LBdmm was
incubated at 37°C on a shaker (250 rpm). Transformed cells vezesl $h liquid LB

medium containing 15% glycerol.

Amplification of cDNA inserts and preparation of the cDNA microarray

The cDNA inserts ligated to the pCR8-TOPO T/A cloning vector were aegliy PCR
using the primer pair corresponding to the flanking adaptor sequences (Nested 1, 5'-
TCGAGCGGCCGCCCGGGCAGGT-3'; Nested 2R, 5'-
AGCGTGGTCGCGGCCGAGGT-3'; Clontech).

Transformed bacterial cell lysates rather than the purifiadnpd DNA were used for
PCR reactions. To lyse cells, five microliters of bactendiure was added into 95 pl of
double-distilled water, and then the mixture was incubated at 98 °@yen sninutes.

After incubation, 0.6 ul of burst cell templates were added to 16f ]ACR mixture
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containing 0.20 mM of each nucleotide, 0.25 uM of each primer, 1X buffemM
MgCI, and 0.25 units of Tag DNA polymerase (Promega). The PCR prototwdiéadc
an initial step of 5 min at 95 °C, followed by 35 cycles of theofwihg incubation
pattern: 95 °C for 45 sec, 68 °C for 45 sec, and 72 °C for 1 min. A fipaasi#& °C for
7 min concluded the reaction. PCR products were subjected to agarose gel
electrophoresis and the gels were inspected to find positive tnavasfts. Then for the
positive transformants, two microliters of burst cell templatese added to 50 pl of
PCR mixture. The PCR product was cleaned up by ethanol preocipitatiFor
precipitation, the PCR product was mixed with 125ul ethanol and 5 MNH4sOAc
(pH 7.4). The mixture was inverted several times and thendsédr&0°C for one hour.
To recover the precipitated DNA, the mixture was centrifuged&fto rpm (3,650 G) for
40 min at 4°C. The DNA pellet was rinsed with 70% ethanol and asyedf again.
After the second centrifugation, the DNA pellet was dried sesuspended in 15 ul 3X
SSC, which was diluted from 20X SSC (3 M NaCl, 0.3 M sodium cjtrate
Normalization control DNAs (spike 1, spike 3, spike 5, spike_7, and spike_9})Heom
microarray control set provided by thrabidopsis functional genomics consortium
(AFGC) were included in the printing as well. These control DMi&se amplified by
PCR reactions and purified with ethanol precipitation for use. Asnsities of the two
fluorescent dyes Cy3 and Cy5 are affected by many systeswmirces of variation,
normalization is applied to remove such systematic sources afigarin order to make
measured intensities within and between slides comparable. Spmkéwls from a
different organism spotted on the array slides and included in the fieedt samples at

certain amounts are one frequently used normalization method. Eacdh dbie was
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printed three times on Arrayit Superamine?2 slides (Telechermatienal, Sunnyvale,
CA) using the GeneMachines OmniGrid 100 system (Genomic solution, Avor,AMl)

for technical replication. After printing, the slides werk ie the machine for one hour
to be rehydrated with hot vapor. Then, the slides were baked at 80°Cgbvemi

immobilize the printed cDNAs.

Preparation of probes and microarray hybridization

Microarray probes were produced from total RNA from stem segnudrgeedlings from

cut and uncut treatments of both shortleaf pine and loblolly pine sgedivhich were
collected as described earlier. Total RNA was quantified and\26©:280 ratio was
checked using a NanoDrop 1000A spectrophotometer. RNA amplificatin wa
performed with 200 nanograms of total RNA using the Amino AllydssageAmp Il
aRNA Amplification kit (Ambion Inc., Austin, TX, USA) followinght manufacturers’
instructions. In addition, 100 pg of each spike control (spike_ 1, spike_3, spike 5,
spike_7, and spike_9) DNA was mixed to the total RNA of each sanple f
normalization. In brief, RNA was reverse transcribed into itsind cDNA, which was
primed from an oligo(dT) primer containing a phage T7 RNA polymepasenoter
sequence. The second-strand was synthesized by DNA polymetasie,was primed

by fragments of the original RNA partially digested by RNdseThen doubled-stranded
cDNA was purified andn vitro transcription was performed to generate antisense RNA
(aRNA), during which amino allyl-labeled dUTPs were includedhe @mino allyl UTP
residues on the aRNA were coupled to Cy (Cy3 for control sam@is;for cutting

treated samples) dyes (Amersham Biosciences) followingNAaRpurification.
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Quantification was carried out on products of each step with the NapoDr
spectrophotometer. OD (optical density) and gel electrophoreses wged to check
nucleic acid integrity. Thus RNA from each sample was compagaaid the quality was
assured for each step. The resultant cDNA probes were mixkbdosnamide-based
hybridization buffer and nuclease free water. Then the cDNA praxteine (from both
cutting treatment samples and control samples) was transferrédte slide without
creating any bubbles. A 24x60 mm LifterSlip (Erie Scientfieampany, Portsmouth,
NH) cover slip was placed on top of the array slide and the slake kept in the
hybridization chamber at 42°C overnight for hybridization. Aftesridization, stringent
washes were carried out according to the manufacturer's instisictProbes for the
replicate hybridizations were independently prepared from cutteageid and control

shortleaf pine and loblolly pine tissues to minimize technical errors.

Microarray scanning and data analysis

Fluorescent intensities of Cy3 and Cy5 dyes at each spot on the sdides were
determined by using ScanArray Express scanner (Perkin-EWWaltesley, MA, USA).
Separate images for Cy3 and Cy5 dyes were obtained throughsaaaning at the
wavelength of 633nm and 543nm, respectively. The images were thémedmand
ScanArray Express microarray analysis software was usatemndfy combined spots.
Laser power and PMT (Photo Multiplier Tube) settings were #&fjusluring the
scanning process to balance overall intensities in two chanreel€¢3 and Cy5) while

avoiding a high number of saturated spots. Signal ratios atcmike| spots (Spike_1,
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spike_3, spike_ 5, spike 7, and spike 9) were watched during adjustment, amgl setti
adjustment was complete when most of spike control spots had Cy3tmatiys equal

to one and appeared yellow on balanced images. Local background wadeslfitosnc
intensity of each spot. The ratio of the resultant adjusted inemnsit Cy5 to Cy3 was
computed for each spot. The normalization process was conducted acto@amePix

Pro program (version 6.0), during which spots with bad quality and low sigeakity
(less than 200 Relative Fluorescence Units) were removed. rddiffes in expression
were considered significant forz2-fold change between the treated tree sample and the
control tree sample, therefore log2 ratios of less than minus ayreater than one were

deemed significant.

DNA sequencing and database search

The differentially expressed cDNAs after top-killing identified byag experiments were
sequenced as follows. Cell lysates used for the synthesis rafamay cDNA were used
as PCR templates. Inserts of the cDNA clones were antpldfie PCR using M13
forward primer (5-GTAAAACGACGGCCAG-3) and M13 reverse pemm (5'-
CAGGAAACAGCTATGAC-3"). Shrimp alkaline phosphatase (SAP) anoheglease |
(EXO 1) were used to purify PCR products for sequencing. figoliters of PCR
product was mixed with 0.4 pl of enzyme mix (0.5 U/ pl of SAP and 05 EXO 1),
and then the mixture was incubated at 37 °C for 30 min and 85 °C for 15Two.
microliters of purified PCR product was added to the following r@achixture: 1ul 5X
sequencing buffer (400 mM Tris, 10 mM MgCI2, pH 9), 1 ul M13 forwarcher (100

ng/ pl), 2ul BigDye Terminator (Applied Biosystems, Forstety OCA), and 4 pul of
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deionized water. The PCR protocol for sequencing reactions includedianstep of

30 sec at 95 °C, followed by 36 cycles of the following incubation pat&g °C for

10 sec, 50 °C for 5 sec, and 60 °C for 4min. The resultant PCR products were purified by
ethanol precipitation and were sequenced using the ABI Model 3700 DNA z&naly
(Applied BioSystem). BLAST search was performed to deternfumetions of
differentially expressed genes. The sequences werehsdaiagainst GenBank
databases, protein (nr) and EST (dbEST), by BLASTX and BLASTBhertively.
BLASTN was used for cDNAs which had no significant hits (with E value cut@ffC®1)

when BLASTX was performed.

Real time "quantitative” PCR (q RT-PCR) analysis

Real time "quantitative" PCR analyses were performed to validateitheamay results
and also to further examine when genes important for sprouting were exprestdd. T
RNA was isolated from tissues collected at several different timesgoitdwing the cut
treatment, as well as from non-treated control shortleaf pine and loblollggxadings
(Figure 5). Reverse transcription was carried outignd DNase-treated mRNA with
the SuperScript Il (Invitrogen) reagent set. Primers were designdigef various

specific genes which were proposed to be significant for triggering sprotivg).
nanograms of cDNA along with 250 nM of each primer pair were subjected to real time
PCR using an ABI Prism 7500 sequence detection system (Applied Biosystems) and
SYBR Green master mix, according to manufacturer's recommendatippiseGh
Biosystems). In brief, qRT-PCR amplification mixtures (l}scontaining 15 ng

template cDNA, 2x SYBR Green | Master Mix buffer (Al and 300 nM forward and
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reverse primer were prepared. Target mRNA values were normalized usmngR&IA

as an internal control. Primer pairs used for actin amplification werdlawd: 5'-
TCCATCGTCCACAGAAAATG-3' (forward primer), and 5'-
CAAGATGCGTCATCCCACTA-3' (reverse primer). PCR was perfadras follows: a)
50°C for 2 min; b) 95°C for 10 min; c) 95°C for 40 sec; d)55°C for 40 sec; e)72°C for 40
sec; f) repeat step c to step e for 45 cycles. A comparative threshold@njoreas used

to determine gene expression relative to the control. For each sample vile&s were
calculated using the formulsCt = Crreference CTtarget TO determine relative expression
levels, the following formula was us@ACT = ACtcontrot ACTtreatmentand the value used

to indicate relative gene expression was calculated using the forfififa 2

REFERENCES
Chang S, Puryear J, Cairney J (1993) Simple and efficient method for isolathag RN
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CHAPTER IV

RESULTS

Shortleaf pine and loblolly pine were studied to profile sproutaspansive genes after
top-killing to provide a better understanding of (1) shortleaf pipe$fic sprouting after
top-killing and (2) gene expression differences that may retatsprouting between
shortleaf pine and loblolly pine after top-killing. As seen duriisgue collection,
shortleaf pine and loblolly pine showed huge differences in sproyteedsand number
of sprouts after cutting treatment (Figure 3A-3D). Numeroususprbecame apparent
between 24h-48h after cutting treatment on shortleaf pine, whilebdolly pine, only a
few sprouts were observed seven days after cutting treatm®ntve wanted to identify
genes responsible for sprouting after top-killing, only tissueseatell just before
sprouting were used for cDNA library construction and the arrayriexpet. Therefore,
for shortleaf pine, tissues collected on the first and second dayused, and for loblolly

pine, tissues collected on the sixth and seventh day were used.

cDNA library construction and array slides preparation
Two SSH (suppression subtractive hybridization) cDNA librariedcked in genes
responsive to top-killing were constructed from the shortleaf pindofhally pine tissue

samples. One thousand and eighteen shortleaf pine cDNA inserts ancbb|8 pine
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cDNA inserts were included in the cDNA libraries. In totatollection of 2,337 cDNA
clones were obtained from the SSH cDNA libraries and printed onafipedesigned
Arrayit Superamine2 slides (Telechem International, Sunnyvalg,f@Ahe microarray

analysis.

The cDNA clones were arranged on the slides as shown in Fégurfée left part of the

slides contained cDNA from shortleaf pine and thghtripart of the slides contained
cDNA from loblolly pine. As each slide containedth shortleaf pine cDNA inserts

and loblolly pine cDNA inserts, the hybridization nucted on the slide actually
included self hybridization and cross hybridizatiowhen labeled shortleaf pine RNA
was applied to the slides, on the left part of shde, the result was shortleaf pine self
hybridization, on the right part of the slide, theulesvas cross hybridization between
labeled shortleaf pine RNA and loblolly cDNA. Thenegerse was true when using

labeled loblolly pine RNA.

Based on the collected cDNAs, two microarray aredysvere performed. Each
microarray analysis was designed to investigate expregmtterns of transcriptomes
from shortleaf pine and loblolly pine, respectivelyln the microarray analyses,
expression profiles of shortleaf pine and loblollyngigenes showed induction or
suppression in response to cutting treatment afteritbpgk Three technical replicates

were used to minimize variability of the results.
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Differentially expressed genes in shortleaf pine and loblolly pine detted by array
experiments

In this study, genes were considered differentigdiyulated if intensity ratios of cDNA
clones from the microarray analyses showed mone &htavo-fold change of expression
up or down. Genes with more than two fold up or dawgulation were sequenced.
Ultimately, 139 unique genes showing differential regsion were identified. The
partial sequence of each of these genes is includégppendix | (page 190). These
genes have been deposited in the GenBank EST databdghey can be accessed with
the corresponding accession numbers given in the dppe®ne hundred and six of
these genes were of shortleaf pine origin, with theegeames starting with SLP, and
38 were of loblolly pine origin, with the gene nanstarting with LLP. As shown in
Figure 7, five out of the 139 unique genes were ifiedtfrom both shortleaf pine and

loblolly pine, with the names starting with SLP_LLP.

Although 106 differentially expressed genes were hadrdeaf pine origin, not every
gene was identified during shortleaf pine self-hytzation; rather, four genes were
sent for sequencing because of their detected diffi@eexpression during cross
hybridization. As shown in Figure 1, 61 and 42 gerfeshortleaf pine origin showed
up and down regulation during shortleaf pine self-idibation, respectively. Four

genes of shortleaf pine origin did not show differengigbression during shortleaf pine
self-hybridization, but showed differential expressidumring shortleaf pine-loblolly

pine cross hybridization when labeled loblolly picieNAs were applied to the array

slides and hybridized to the shortleaf pine cDNAtha array slides. On the other
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hand, 25 out of 34 genes of loblolly pine origin wesent for sequencing due to
differential expression during cross hybridizationheTcross hybridization provided us
with information of genes which were differentiadxpressed but were not included in
the cDNA libraries of either shortleaf pine or lolyopine. For loblolly pine, six and

seven genes showed up- and down- regulation during Iplgole self hybridization,

respectively; while another 15 and four genes showedand down- regulation during
the cross hybridization when labeled loblolly pineNAs were applied to the array

slides and hybridized to the shortleaf pine cDNAglearray slides.

Function of diffentially expressed genes determinedyoBLAST search

cDNA sequences were blasted against the NCBI dagabas

(http://blast.ncbi.nlm.nih.gov/Blast.ggi BLAST hits for each query cDNA sequence

showed up in order according to the similarity betwespecific sequences in the
database and the query cDNA sequence, with the shodar sequence detected in the
database showing up in the first place. The E vptogided information regarding the
possibility of the query cDNA sequence matching aapdom sequences in the
database. A smaller E value indicated a higheripitisg for the query sequence to
have the exact same function as one specific “fisigethe in the database. Initially,
each cDNA was blasted against GenBank’'s non-redunpestein (NR) database,
during which the cDNA was first translated into mios according to different open
reading frames (ORFs) and then the translated pretminences were blasted against

the protein database. If no hit was found (wittv&tue cutoff at 0.001), the query
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cDNA was then blasted against GenBank EST databas&S{diiNone-human, none

mouse ESTs, EST others) with BLASN.

Functional classification of genes

A total of 139 genes differentially regulated in resp® to cutting treatment were listed
and categorized according to the putative functioradfh gene from BLAST search
(Tables 2-16). The signal intensity ratios of theseegefrom microarray analyses are
also provided in the tables. The putative funwtiof these genes were inferred from
metabolic processes known to be related to each gétiough some genes act in
multiple metabolic processes, they were classifiecbrding to their main functions in
plant metabolism. The genes found responsive tongutteatments were classified
into 15 functional categories (Tables 2-16), includirapscription factors, cell growth
and maintenance, carbohydrate metabolism, signasdrection, ubiquitin related,
pathogenesis related, hormone related, fatty acidalmoésm, transport, protein and
amino acid metabolism, stress responsive, translapbhotosynthesis, transcribed loci
with unknown function, and genes with no hit in thedabases (Figure 8). The largest
two categories of genes were genes for transcribeidwidah unknown function and
genes with no hit in the databases searched; genesdhastress responsive and genes
that were involved in cell growth and maintenance wen&ead as the third and fourth
largest groups, respectively; followed by protein amdino acid metabolism related

genes (Figure 8).
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Sequence annotation and analysis for differentially exprsed genes

Based on the preliminary results generated by NCBAST search, cDNAs encoding

interesting and important proteins from each funai category were further

analysized and annotated. Determination of a ger@ngeresting and important” was

based on literature search results. If the resuiggested the possibility of any specific
gene to function in bud dormancy release and/orwgprg processes in some way, this
gene was included in the detailed analysis. Hougakgegenes and genes with no
documentation for bud dormancy release and/or sipi@dunction were not included.

First, DNA translation analysis was performed orN&3 of interest by using EXPASy

Translate tool [fttp://ca.expasy.org/tools/dna.hjmiduring which each cDNA was

translated into proteins according to six differaspgen reading frames (ORFSs).
Deduced proteins with reasonable length (at leastrmiho acids long) were selected,
and amino acid sequences of these deduced proteimsra@rded and put in order
according to their length. Each deduced protein wan tilasted against GenBank’s
non-redundant protein (NR) database to identifit iiad conserved domains for one
specific protein family or if it had homologs from othgpecies. If no conserved
domains or homologs were detected for any deducedipsofrom the query cDNA

sequence, this query cDNA was then blasted againstINEH databases, and if
found, a longer EST with high similarity (close to ¥#90to this cDNA was used for

DNA translation analysis. (Deduced) protein segasnfrom several other species
sharing conserved domains or homology with the dedigecetein sequence from the

qguery cDNA were identified during blast search. tflé sequence alignment (MSA)
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was performed using ClustalWat{p://www.ebi.ac.uk/Tools/clustalw2/index.hinmon

these (deduced) protein sequences including the onetfre query cDNA.

Transcription factor related genes

Three transcription factors were identified, SLPILP3 and SLP3, as shown in Table 2.
These three genes are all of shortleaf pine origimdisated by the names. In Table 2,
values for signal ratio for genes with at least a-tald up-or down-regulation were
shaded in blue and yellow, respectively. As seen ibleT&2, SLP1 showed
downregulation in shortleaf pine, while SLP2 and SL$howed upregulation. No
transcription factor of loblolly pine origin was idéred. Neither did cross
hybridization of loblolly pine cDNA with shortleaf pé cDNA printed on the array

slides produce strong signals.

SLP1 encodes a NAM transcription factor, which fiorts in plant shoot meristem
formation (Aida and Tasaka, 2006), as well as resst response (Olsen et al., 2005;
Chen et al., 2008; Seo et al., 2008). SLP1 was 386 pairs in length and the deduced
protein from SLP1 was 95 amino acids long (Figure Bigure 10 provides the MSA of
SLP1 with NAM proteins from several other tree specincluding white sprucé(cea
glauca (Moench) Voss), Norway sprucdi€ea abies L.), and black spruceP{cea
mariana Mill.). As seen from this alignment, sequencesN&M transcription factor

from different tree species shared a high leveiroflarity.

SLP2 is homologous to the homeobox transcription factoB iNeastern white pine

(Pinus strobes L.). In Arabidopsis, this gene has another name: STM (SHOOT
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MERISTEMLESS). SLP2 was 466 base pairs in lengfy translation, the deduced
protein was 114 amino acids long (Figure 11). Prol#ast showed that this protein
had a conserved homeodomain, which is known to fandti transcriptional regulation
during plant development. Figure 12 shows the M3$/ASIP2 with STM proteins

from several other species. As seen from this algmmsequences for the STM

transcription factor from diverse species sharbadh level of similarity.

SLP3 encodes a GT-1-like transcription factor. SWR3 481 base pairs in length. No
significant hits were observed during BLASTX sear@LP3 was then blasted against
GenBank EST databases using BLASTN. Although BLAS@Btified SLP3 as a
homolog toArabidopsis DNA binding protein GT-1, DNA translation analysisQLP3
did not detect any deduced protein sequences (kfaat 10 amino acids) containing
any conserved domains; neither did those deducedsegs have GT-1-like homologs
from other species. Therefore, query SLP3 cDNAusege might only include the five
or three prime untranslated region (5' UTR or 3'UDR})he full GT-1 cDNA sequence,
or part (less than 10 amino acids long) of the GT-ingpdegion, and it was difficult to
detect any conserved domain or homologs based on such dddwuced protein
sequences. SLP3 was then blasted against the NEBIdatabase again, and a longer
EST sequence (903bp, accession number: 148815838) $itka spruce Hicea
sitchensis (Bong.) Carriére) aligning very well with SLP3 waseidified. This EST
was used for DNA translation analysis, and one dediprotein sequence (49 amino

acids long) had GT-lI homologs from several other speckegure 13 shows the MSA
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for all these GT-1-like proteins. As seen from thiggnment, sequences for the GT-1-

like transcription factor from diverse species shardugh level of similarity.

Genes in cell growth and maintenance

Thirteen cell growth and maintenance related geneg dferentially expressed as
shown in Table 3. All these genes are of shortléaé rigin, with the exception of
LLP1. Eleven out of the 13 genes showed differérdigpression in shortleaf pine
(except SLP10 and LLP1). LLP1 is of loblolly pinarigin and it showed
downregulation in loblolly pine. Besides LLP1, fivengs of shortleaf pine origin
showed differential expression during shortleaf dotdelly pine cross hybridization
when labeled loblolly pine cDNAs were applied to @reay slides for hybridization.
For genes both differentially expressed in shortlpafe and loblolly pine (either
through self hybridization or cross hybridization),FBLshowed differential expression
in opposite directions in the two species, with downre@nain shortleaf pine while
upregulated in loblolly pine. The other three gerfsP6, SLP7 and SLP12) showed
differential expression in the same direction, eitlyeregulation or downregulation, in

both species.

SLP4 encodes an expansin-like protein. SLP4 wa%$288 pairs long. A much longer
loblolly pine EST (873bp, accession number: 674888Vi@) high similarity (close to
100%) to SLP4 was used for DNA translation analysise deduced protein from this
EST was 99 amino acids long. Protein blast showedthiprotein had a conserved
domain among expansin-like proteins. Figure 14 shows the MSthdoexpansin-like

proteins from several species. As seen from this alignntéet deduced protein
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sequence from SLP4 shared a high level of similasiih ATEXPA4-like proteins
from diverse species, including China f€upninghamia lanceolata (Lamb.) Hook.),
castorbean Ricinus communis L.), tomato Golanum lycopersicum L.) and soybean

(Glycine max L. Merr.).

SLP5 encodes a pectin-methylesterase-like protédhP5 was 502 base pairs long.
The deduced protein was 55 amino acids long. Rr&EAST showed that this protein
has a pectin-methylesterase-specific domain. Fid@reshows the MSA for pectin-
methylesterase-like proteins from several speci@s. seen from this alignment, the
deduced protein sequence from SLP5 shares a high éév@milarity with pectin-
methylesterase-like proteins from diverse specresuding black cottonwoodPppulus
trichocarpa L.), castorbeanRicinus communis L.), banana Nlusa acuminata), and

coffin tree Taiwania cryptomerioides).

SLP7 and SLP8 both encode glycine-rich cell wall @reg. SLP7 was 83 base pairs in
length, and SLP8 was 307 base pairs long. No signtficas were observed during
BLASTX search for both sequences. Individual BLAS3arch with SLP7 and SLP8
against NCBI EST databases showed that both sequbadea high similarity to one
loblolly pine EST sequence with the accession nunoh&8089089. SLP7 and SLP8
shared 15 base pairs at the end of the sequencess wlguencing error rate was
normally high. Due to the high sequencing error, SBR@ SLP8 were regarded as
different genes initially and deposited into GenBaBST68089089 was 814 base pairs

long, and the deduced protein was 154 amino acits Ié-igure 16 shows the MSA for
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(deduced) amino acid sequences for glycine-rich call lkke proteins from different
species, including the loblolly pine EST with the asten number of 68089089, which
was used as substitute for SLP7 and SLP8 during sisaljue to high sequence

similarity shared among EST68089089, SLP7 and SLP8.

SLP11 encodes STT3B (staurosporine and temperatmstive 3-like B), which acts
as an oligosaccharyl transferase. SLP11 was 33@ paiss long, and the deduced
protein was 109 amino acids long. Figure 17 showsviBA of SLP11 with STT3B-
like proteins from several other species, includifgbidopsis, black cottonwood
(Populus trichocarpa L.), and grape \(itis vinifera L.). As seen from this alignment,
the deduced protein sequence from SLP11 sharedgla leivel of similarity with

STT3B-like proteins from diverse species.

LLP1 encodes an O-methyltransferase-like proteihwas 315 base pairs in length.
The deduced protein was 104 amino acids long, ahddta conserved domain shared
by methyltransf 2 superfamily proteins. Figure b®ws the MSA of LLP1 with O-
methyltransferase-like proteins from several ddfdrspecies, including loblolly pine,
black cottonwood Ropulus trichocarpa L.), barrel clover Medicago truncatula

Gaertn.), and\rabidopsis.

SLP13 encodes a TET8 (TETRASPANINS)-like protein. P&B was 363 base pairs

long, and the deduced protein was 68 amino acids Idigs protein had a conserved

domain shared by proteins belonging to the tetraspafilL (large extracellular loop)
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superfamily. Figure 19 shows the MSA for TETS8-ligmteins from several species.
As seen from this alignment, the deduced protein sespuédom SLP13 shared a high
level of similarity with TET8-like proteins from derse species, including black
cottonwood Populus trichocarpa L.), wild cabbage Brassica oleracea L.), and

Arabidopsis.

SLP15 encodes a pentatricopeptide repeat-contaimiatgin. SLP15 was 317 base
pairs long. The deduced protein was 105 amino acius. Id°rotein blast showed that
this protein contained a conserved pentatricopepggeat domain (PPR motif). This
conserved domain consists of 33 amino acids. Fi@ireshows the MSA for PPR
motifs in several species. As seen from this aligninthe deduced PPR motif-
containing protein sequence from SLP15 shared a lagél lof similarity with PPR

motifs from diverse species, including black cottond/@@opulus trichocarpa L.), rice

(Oryza sativa L.), andArabidopsis.

Carbohydrate metabolism related genes

Seven carbohydrate metabolisms related genes shdiffexntial expression as shown
in Table 4. All these seven genes are of shoripéaé origin, as indicated by their
names. All these seven genes showed upregulatishartleaf pine, except SLP23,
which showed downregulation. None of these sevenegeshowed differential

expression in loblolly pine.

SLP17 encodes malate synthase, which is involvedyeoblsis. SLP17 was 437 base

pairs long, and the deduced protein was 92 aminedeoidy. This protein contained a

56



conserved domain which belongs to the malate synthaserfamily. Figure 21 shows
the MSA for malate synthase from diverse specids.seen from this alignment, the
deduced protein sequence from SLP17 shared a high dé similarity with (deduced)

protein sequences for malate synthase from divespecies, including black
cottonwood Populus trichocarpa L.), rice Oryza sativa L.), and castorbearR(cinus

communisL.).

SLP18 encodes pyruvate kinase, which is also involueglyicolysis. SLP18 was 499
base pairs long, and the deduced protein was 95 aauius long. When blasted
against the NCBI protein database, this protein wdastified as having a conserved
domain shared by the PK (pyruvate kinase) C supelffa Figure 22 shows the MSA
for pyruvate kinase from diverse species. As s@em fthis alignment, the deduced
protein sequence from SLP18 shared a high levelnotagity with (deduced) protein

sequences for pyruvate kinase from diverse speaetyding corn Zea mays L.),

barrel clover Kedicago truncatula Gaertn.), and castorbeaRriinus communisL.).

SLP19 encodes fructose-bisphosphate aldolase. iM% 400 base pairs long, and
the deduced protein was 70 amino acids long. Thitgem had a conserved domain
belonging to the TIM_phosphate_binding superfamilyguré 23 shows the MSA for
fructose-bisphosphate aldolase from several diffespdcies. As seen from this
alignment, the deduced protein sequence from SLR&Bed a high level of similarity

with (deduced) protein sequences for fructose-bigphaie aldolase from diverse
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species, including corrZéa mays L.), tobacco Nicotiana tabacum L.), and castorbean

(Ricinus communisL.).

SLP20 encodes glucose-6-phosphate 1-dehydrogen&&D{jGwhich functions in the
pentose pathway. SLP20 was 339 base pairs long.n\8bB20 sequence was blasted
against the EST database, a longer loblolly pine ESIBKB, accession number
34350332) with close to 100% similarity to SLP20 waentified. This longer EST
was used for DNA translation analysis. The deducetem from this longer EST was
85 amino acids long. Protein blast showed that thasepn had a conserved domain
belonging to the G6PD_C (Glucose-6-phosphate dehydasgerC-terminal domain)
superfamily. Figure 24 shows the MSA for G6PD freaveral species. As seen from
this alignment, the deduced protein sequence from SlL$P20ed a high level of
similarity with (deduced) protein sequences for G&RIN diverse species, including
common wheat Triticum aestivum L.), poplar Populus suaveolens), tobacco

(Nicotiana tabacum L.), andArabidopsis.

SLP21 encodes invertase, which is involved in claydoate metabolism by breaking
down sucrose to fructose and glucose (Bocock et@8R SLP12 was 416 base pairs
in length, and the deduced protein was 96 amino acids (Bigure 25). When blasted
against the protein database, this protein showezhaecved domain belonging to the
plant neutral invertase superfamily. Figure 26 shtvesMSA for invertase. As seen
from this alignment, the deduced protein sequenmm fELP21 shared a high level of

similarity with (deduced) protein sequences for etase from diverse species,
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including legume I(otus japonicus), tomato Golanum lycopersicum L.), rice Oryza

sativa L.), and cornZea maysL.).

SLP22 encodes amylase, which is involved in carbadtgdmetabolism by breaking
down starch to sucrose (Lao et al., 1999; Yama24li3). SLP22 was 344 base pairs
in length. The deduced protein was 68 amino acidg (eigure 27). This protein had
a conserved domain belonging to the glyco_hydro (glycbgdrolase) family 14.
Figure 28 shows the MSA for amylase. As seen frbm &lignment, the deduced
protein sequence from SLP22 shared a high levelnotagity with (deduced) protein
sequences for amylase from diverse species, inclugamgy Hordeum vulgare L.),

soybean Glycine max L. Merr.), corn Zea maysL.), andArabidopsis.

Genes in signal transduction

Four signal transduction related genes were diffeaitiptexpressed in this study as
shown in Table 5. SLP_LLP1 was identified in bopeaes, and in this case, only the
signal ratio shown during self-hybridization is inodad in the table. SLP_LLP1

showed upregulation only in shortleaf pine, while nrsg signal was detected in
loblolly pine whether during self-hybridization orosis hybridization. The other three
genes (SLP24, SLP25 and SLP27) are all of shortleef prigin. SLP24 and SLP25
were both upregulated in shortleaf pine, while SLR&& downregulated. Of these
four differentially expressed genes, only SLP25 shibwe more than two-fold

upregulation in loblolly pine during cross hybridizati
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SLP24 encodes a phosphatase 2C (PP2C)-like proadiich acts in plant signal
transduction by adding phosphate groups to targetipsoteSLP24 was 287 base pairs
in length, and the deduced protein was 45 amino acius (Bigure 29). This protein
had a conserved domain belonging to the PP2Cc (sdmieenhine phosphatases, family
2C, catalytic subunit) protein family. Figure 30osls the MSA for PP2C. As seen
from this alignment, the deduced protein sequenmm f6LP24 shared a high level of
similarity with (deduced) protein sequences for PR2In diverse species, including
barrel clover Medicago truncatula Gaertn.), rice Qryza sativa L.), castorbeanRicinus

communis L.), andArabidopsis.

SLP25 encodes the catalytic subunit of protein phatgse 2A (PP2A). SLP25 was
497 base pairs in length, and the deduced protein waséo acids long (Figure 31).
When blasted against NCBI protein database, thigprehowed a conserved domain
for protein family PP2Ac (protein phosphatase 2A himgoes, catalytic domain).
Figure 32 shows the MSA for the catalytic subuniP&2A. As seen from this
alignment, the deduced protein sequence from SLP2&d&laanigh level of similarity
with (deduced) protein sequences for the catabdlmunit of PP2A from diverse
species, including corZéa mays L.), rice Oryza sativa L.), tomato Solanum

lycopersicum L.) andArabidopsis.

SLP_LLP1 was 328 base pairs long. When the SLP_L&&juence was blasted

against the GenBank EST databases, SLP_LLP1 wasfiddras a weak homolog of

anArabidopsis receptor-like protein kinase. The deduced provéiSLP_LLP1 was 99
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amino acids long, and when it was blasted against tbeiprdatabase, hypothetical

protein kinases from several species were identifi€dgure 33 shows the MSA for

these protein kinases. As seen from this alignnetdeduced protein sequence from
SLP_LLP1 shared similarity with (deduced) protedgences for hypothetical receptor
kinases from diverse species, including cafea(mays L.), grape Vitis vinifera L.),

andArabidopsis.

Hormone related genes

Six hormone related genes were differentially exggedsn this study as shown in Table
8. All these genes are of shortleaf pine origin wvilie exception of LLP3. All six
genes were differentially expressed in shortleaf pmiéh SLP34, SLP35 and SLP37
showing upregulation, and the other three showing degulation (LLP3's
downregulation was detected during cross hybridimatid-ive out of the six genes did
not show differential expression in loblolly pinégher through self-hybridization or
cross hybridization, and the only exception was SLR@4ich showed upregulation

during cross hybridization.

SLP34 encodes AP2/ERF (APETALA#glene-esponsive _dctor), which is an
ethylene responsive transcription factor. SLP34 887 base pairs in length. The
deduced protein was 132 amino acids long (Figure Blast search showed that this
protein contained a 59 amino acids-long DNA-binding domanique to plant
transcription factors such as APETALA2 and EREBRgure 35 shows the MSA for
the DNA binding domain of AP2/ERF. As seen from thlggnment, the deduced

protein sequence from SLP34, which contains thea®®no acid-long DNA binding
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domain, shared a high level of similarity with (dedd) protein sequences for the DNA
binding domain of AP2/ERF from diverse species, inclgdithickpeaCicer arietinum
L.), soybean Glycine max L. Merr.), corn Zea mays L.), and black cottonwood

(Populustrichocarpa L.).

SLP35 encodes an auxin-repressed protein-like iprot&LP35 was 606 base pairs
long, and the deduced protein was 136 amino acitsngth (Figure 36). Protein blast
search showed that this protein had a conserved idobelonging to the auxin-
repressed protein superfamily. Figure 37 showdMB&A for auxin-repressed protein-
like proteins from several species. As seen fromm #gignment, the deduced protein
sequence from SLP35 shared a high level of simylawith (deduced) protein
seqguences for auxin-repressed protein-like protieara diverse species, including tree
peony Paeonia suffruticosa Andrews), citrus $hiranuhi), bonnet bellflower

(Codonopsis lanceolata), corn Zea mays L.), andSolanum virginianum.

SLP37 was 370 base pairs long, and the deducedipwtes 123 amino acids long.
This protein had a conserved domain belonging tostiperfamily of isopenicillin N

synthase and related dioxygenases. This proteineth@shigh sequence similarity to
gibberellin 7-oxidase found in squagButurbita maxima Duchesne). Figure 38 shows
the sequence alignment between deduced protein meggidor SLP37 and squash

gibberellin 7-oxidase.
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SLP38 encodes anthocyanidin reductase. SLP38 wasbd8e pairs long, and the
deduced protein was 146 amino acids long. Protein Shewted that this protein had a
conserved domain belonging to the DADM (nucleoside-aigpihate-sugar epimerases)
Rossmann superfamily. Figure 39 shows the MSA fahaayanidin reductase from
several species. As seen from this alignment, #ducked protein sequence from
SLP38 shared a high level of similarity with (deddiceprotein sequences for
anthocyanidin reductase from diverse species, ingtudipland cotton Gossypium

hirsutum L.), black cottonwoodRopulus trichocarpa L.), and maidenhair tre@inkgo

biloba L.).

LLP3 encodes a flavanone 3-hydroxylase-like protelth.P3 was 667 base pairs in
length, and the deduced protein was 69 amino acids I&ingure 40 shows the MSA
for flavanone 3-hydroxylase like proteins from seespecies. As seen from this
alignment, the deduced protein sequence from LLRBeshsimilarity with (deduced)
protein sequences for flavanone 3-hydroxylase pketeins from two other species

wheat {Triticum aestivum L.) and castorbearR{cinus communisL.).

SLP39 encodes a tetratricopeptide repeat (TPR)agung protein. SLP39 was 897
base pairs long, and the deduced protein was 298oasatitus long. Protein blast
showed that this protein contained a conserved TEfRafticopeptide repeat) domain.
Figure 41 shows the MSA for TPR domains from sevspacies. As seen from this

alignment, the deduced protein sequence from SLP3hvdontained a TPR domain,

63



shared a high level of similarity with (deduced) tein sequences for TPR domains

from two other speciefrabidopsis and rice Qryza sativa L.).

Fatty acids metabolism related genes

Three fatty acids metabolism related genes wererdiifeally expressed in this study as
shown in Table 9. All three genes are of shortlpafe origin, and they were
differentially expressed in shortleaf pine, with Sl0Pand SLP41 showing upregulation,
while SLP42 showing downregulation. In loblolly pjnguring cross hybridization,
SLP40 was upregulated, no signal was detected for4ELBnd no strong signal

(greater than a two-fold change in expression) wastitdor SLP42.

SLP40 encodes caleosin. SLP40 was 560 base pagsdod the deduced protein was
127 amino acids long. Protein blast showed thatghosein had a conserved domain
belonging to the caleosin superfamily. Figure 42 shtvesMSA for caleosin from
several species. As seen from this alignment, #ducked protein sequence from
SLP40 shared a high level of similarity with (deducprbtein sequences for caleosin-
like proteins from diverse species, including sagaady€ycas revolute Thunb.), rape

(Brassica napus L.), Easter lily Liliumlongiflorun Thunb.), and cornZea maysL.).

SLP41 encodes a triacylglycerol lipase (Class IKkglprotein. SLP41 was 475 base
pairs long, and the deduced protein was 86 amincdeoidy. This protein contained a
45 amino acids-long protein sequence, which sharedgla $equence similarity to

triacylglycerol lipase proteins in many other spsciscluding sitka spruceP{cea
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sitchensis (Bong.) Carriere), castorbeaRi¢inus communis L.), and rice Qryza sativa

L.), as shown by the MSA in Figure 43.

SLP42 encodes a GNS1/SUR4 membrane protein. SLR423%3 base pairs long.
When blasted against the EST databases, a longeolfoljine EST sequence
(accession number: 48949032) was identified as lgaglose to 100% similarity to
SLP42, with only a few base pairs differences atibginning of SLP42, which might
be due to sequencing errors. This loblolly pine B&3s used for DNA translation
analysis. The deduced protein from this EST wds dfino acids long. Protein blast
showed that this protein had a conserved domain peigrio the ELO (elongation)
and GNS1/SUR4 protein family. Figure 44 showsNfA for GNS1/GNS1 proteins
from several species. As seen from this alignméet,deduced protein sequence from
SLP42 shared a high level of similarity with (deddiceprotein sequences for
GNS1/SUR4 membrane proteins from diverse speciesludimg barrel clover

(Medicago truncatula Gaertn.), corn4ea maysL.), andArabidopsis.

Transporter related genes

Seven transporter related genes were differentiadhressed in this study as show in
Table 10. Three of them are of shortleaf pine origimd the other four are of loblolly
pine origin. All seven genes showed differential reggion in shortleaf pine either
during self-hybridization or cross hybridization, wihP43, SLP44 and LLP6 showing
upregulation, and the remaining (LLP4, LLP5 LLP7, ar®lLP45) showing
downregulation. Only SLP44 showed upregulation duramgss hybridization in

loblolly pine.
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SLP43 encodes an ABC transporter protein. SLP48 @& base pairs long, and the
deduced protein was 87 amino acids long. This probeict a conserved domain
belonging to the ABC transporter superfamily. Figdge shows the MSA for ABC
transporter proteins from several species. As samn fhis alignment, the deduced
protein sequence from SLP43 shared a high levelnotagity with (deduced) protein
sequences for ABC transporter proteins from divespecies, including black
cottonwood Populus trichocarpa L.), pepper Capsicum chinense Jacq.), and

Arabidopsis.

LLP6 encodes a nitrate transporter-like proteinwds 95 base pairs in length. It had
close to 100% similarity with a longer loblolly EST seaqce (783bp) in GenBank EST
databases, with the accession number of 6748734%9s |dhger EST sequence was
then used in DNA translation analysis. EST 67487&4&ded a protein of 163 amino
acids long, which had a conserved PTR2 (peptide pater 2) domain. Figure 46

shows the MSA for nitrate transporter-like protefrem several species. As seen from
this alignment, the deduced protein sequence from6LksRared a high level of

similarity with (deduced) protein sequences for ngraansporter-like proteins from

diverse species, including black cottonwooBogulus trichocarpa L.), tobacco

(Nicotiana tabacum L.), andArabidopsis.

Protein and amino acid metabolism genes
Thirteen protein and amino acid metabolism relaedes were differentially expressed

in this study as shown in Table 11. Ten out of ¢h&3 genes are of shortleaf pine
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origin, and the other three are of loblolly pine amigiAll 13 genes showed differential
expression in shortleaf pine during either self-hglzation or cross hybridization, with
ten showing upregulation and three downregulation.neNof these 13 genes showed
differential expression in loblolly pine either in séljbridization or cross

hybridization.

SLP47 encodes a serine-type peptidase/ signal peetid SLP47 was 518 base pairs
long. The deduced protein was 50 amino acids longis pfotein had a conserved
domain belonging to the peptidase superfamily. Figuteshows the MSA for signal
peptidase from several different species. As demm this alignment, the deduced
protein sequence from SLP47 shared a high levelnotagity with (deduced) protein
sequences for signal peptidase proteins from diversecies, including black
cottonwood Populus trichocarpa L.), rice (Oryza sativa L.), corn Zea mays L.), and

Arabidopsis.

SLP48 encodes an aleurain-like protease. SLP48 18&sbase pairs long. The
deduced protein was 61 amino acids long. This prdtatha conserved domain which
belongs to the peptidase C1A superfamily. Figurehtivs the MSA for the aleurain-
like protease from several species. As seen fromaligament, the deduced protein
sequence from SLP48 shared a high level of simylawith (deduced) protein
sequences for aleurain-like protease from divepgeiss, including corrZéa maysL.),
rape Brassica napus L.), sunflower Helianthus annuus L.), plan Plantago major L.),

and tobaccoNicotiana tabacumL.).
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SLP49 encodes a subtilisin-like protein, subtilasgubtilase acts in protein reserve
mobilization (Liu et al., 2001; Fontanini and Jone802). SLP49 was 390 base pairs
long. The deduced protein was 126 amino acids loHgmologs of sublilase from
several other species were identified when the detipcotein was blasted against the
NCBI protein database. Figure 49 shows the MSAsiabtilisin-like proteins from
several species. As seen from this alignment, t@ucked protein sequence from
SLP49 shared a high level of similarity with (deducptein sequences for subtilase
from diverse species, including Norway spruBec¢a abies L.), grape Vitis vinifera

L.), andArabidopsis.

SLP51 encodes a thioredoximlike protein. SLP51 was 777 base pairs long. The
deduced protein was 120 amino acids long. It contaaneohserved domain belonging
to the thioredoxin like superfamily. The consendsminain was 88 amino acids long.
Figure 50 shows the MSA for the conserved domain femwveral species. As seen
from this alignment, the deduced protein sequenmm f6LP51 shared a high level of
similarity with (deduced) protein sequences for thdwxin h from diverse species,
including rubber treeHevea brasiliensisMuell. Arg.), grape Yitis vinifera L.), black

cottonwood Populus trichocarpa L.), andArabidopsis.

Stress responsive genes

Fifteen stress responsive genes were differentialpressed in this study as shown in
Table 12. Two out of the 15 genes were identifief both species (SLP_LLP3 and

SLP_LLP4). For the remaining 13 genes, 10 are oftldad pine origin, and the other
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three are of loblolly pine origin. In shortleaf pirfese out of the 15 genes showed
downregulation, including LLP12, SLP60, SLP62, SLR6®I SLP64, either through
self-hybridization or cross hybridization. Among tbds/e genes, four were oxidative
stress related, including LLP12, SLP60, SLP62, an®63L The other eight genes
showed upregulation in shortleaf pine during self-idibation, and the remaining two
genes of loblolly pine origin did not show differentedpression during shortleaf pine-
loblolly pine cross hybridization. Five out of the Ienes showed differential
expression in loblolly pine, either through self-hdmation (SLP_LLP3, LLP11,

LLP13, and LLP14) or cross hybridization (SLP59). or Fthe corresponding

differentially expressed oxidative stress relatedegemnwhich were downregulated in
shortleaf pine, none of them showed downregulatiolelfolly pine, with one of them

(LLP11) showing upregulation.

SLP57 encodes a cystatin-like protein. SLP57 wds IZd5e pairs long. The deduced
protein was 75 amino acids long. This protein hadreserved domain belonging to the
CY (cystatin-like domain) superfamily. Figure 51 alsothe MSA for cystatin-like
proteins from several species. As seen from thignment, the deduced protein
sequence from SLP57 shared a high level of simylawith (deduced) protein
sequences for cystatin-like proteins from diverse iggeancluding tomato Jolanum
lycopersicum L.), soybean Glycine max L. Merr.), black cottonwood Ropulus

trichocarpa L.), and common wheaf(iticum aestivum L.).
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LLP11 and LLP12 both encode peroxidase-like protelds€?11 was 236 base pairs
long and LLP12 was 330 base pairs long. LLP11 andlZ had no sequence overlap
and were initially thought to be two different gené&sach was deposited into the
GenBank databases. However, detailed BLAST sedmed that both cDNAS were
part of a loblolly pine EST with the accession numife87962276. This longer

loblolly pine EST was used for DNA translation anadysirhis EST was 826 base pairs
long, and the deduced protein was 188 amino acids |@inis protein had a KatG
(catalase/hydroperoxidase) domain unique to the plamxidase superfamily. This
protein belong to the class | superfamily of perasies, which is responsible for
hydrogen peroxide removal in chloroplasts and cyto$bigher plants. Figure 52

shows the MSA for peroxidase from several differemicegs.

SLP60 encodes a peroxidase-like protein. SLP60 W@sbése pairs long. When
SLP60 was blasted against the EST database, a I¢olgietly pine EST sequence
(accession number 66976703) was identified with ctos#00% similarity to SLP60.

This loblolly pine EST was 707 base pairs long and wsed for DNA translation

analysis. The deduced protein from this EST wasdtho acids in length. Protein
blast showed that this deduced protein had a conselmedin belonging to the plant
peroxidase superfamily. More specifically, thif@in was a member of the class lli
subfamily of peroxidases, which included secretomrogidases functioning in

hydrogen peroxide detoxification and stress resportsgure 53 shows the MSA for
peroxidase-like proteins from several species. AsnskEom this alignment, the

deduced protein sequence from SLP60 shared a high dé similarity with (deduced)
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protein sequences for secretory peroxidase-likéeprdrom diverse species, including
upland cotton Gossypium hirsutum L.), soybean Glycine max L. Merr.), and

Arabidopsis.

SLP61 encodes cytochrome P450. SLP61 was 478 damase long, and the deduced
protein was 159 amino acids in length. Protein tbd®wed that this protein had a
conserved domain belonging to the CypX superfamiliguife 54 shows the MSA for
cytochrome P450 from several species. As seen fitumalignment, the deduced
protein sequence from SLP61 shared a high levelnotagity with (deduced) protein
sequences for cytochrome P450 from diverse speaietjding sweetleaf evia
rebaudiana), potato Golanum tuberosum L.), and black cottonwood Pppulus

trichocarpa L.).

SLP62 encodes an aldo/keto reductase-like prot&hP62 was 432 base pairs long.
The deduced protein was 143 amino acids in length. eidrdtiast showed that this
protein had a conserved domain belonging to the AKRdo{eto reductase)

superfamily. Figure 55 shows the MSA for aldo/ketdueatase from several species.

As seen from this alignment, the deduced protein sespudom SLP62 shared a high
level of similarity with (deduced) protein sequesicdr aldo/keto reductase from
diverse species, including castorbe&rifus communis L.), grape Vitis vinifera L.),

Arabidopsis, and black cottonwoodPppulustrichocarpaL.).
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SLP63 encodes a glutathione S-transferase (GST)P63lwas 88 base pairs long.
When blasted against EST databases, a much longetlyopine EST with close to
100% sequence similarity with SLP63 was identifiefhis EST was 721 base pairs
long, and its accession number was 34490708. This ldB§& was used for DNA
translation analysis. The deduced protein frors 88T was 222 amino acids long.
Protein blast showed that this protein had a 76 amrids-long conserved domain,
which was unique to the GST protein family. FigeGshows the MSA for GST from
several different species. As seen from this aligmimthe deduced protein sequence
from SLP63 (substituted by a loblolly pine EST wilte taccession number 34490708)
shared a high level of similarity with (deduced)tein sequences for GST from diverse
species, including rice Qtyza sativa L.), green alga Ostreococcus tauri

(Prasinophyceaefrabidopsis, and black cottonwoodPbpulus trichocarpalL.).

SLP_LLP4 was differentially upregulated in both spec SLP_LLP4 was 282 base
pairs long and the deduced protein was 56 amino daimds Protein blast showed that
this protein had a conserved domain belonging to LE& (late embryogenesis
abundant) 3 superfamily. Figure 57 shows the MSALIBA proteins from several
different species. As seen from this alignment, diedluced protein sequence from
SLP_LLP4 shared a high level of similarity with (deed) protein sequences for LEA
from diverse species, including tobacddidpotiana tabacum L.), aleppo pine Rinus

halepensis Mill.), and white spruceRicea glauca (Moench) Voss).
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LLP13 encodes galactinol synthase (GolS). LLP13 was 682 base gagsand the
deduced protein was 107 amino acids long. When this protein was ldgaiadt NCBI
protein databases, homologs from several species were identifigdre 58 shows the
MSA for these GolS proteins. As seen from this alignmém, deduced protein
sequence from LLP13 shared a high level of simiamtith (deduced) protein
sequences for GolS from diverse species, including ajagaa reptans L.), showy

mullein (Verbascum phoeniceumL.), rape Brassica napus L.), andArabidopsis.

SLP36 encodes a water deficit inducible LP3-like protein. SLP3654& base pairs
long. The deduced protein was 128 amino acids long. Protein blast stimtetis
protein had a conserved domain belonging to the ABA WDS (wateritdsfiess)
superfamily. Figure 59 shows the MSA for the LP3-like proteiomfdiverse species.
As seen from this alignment, the deduced protein sespuéom SLP36 shared a high
level of similarity with (deduced) protein sequesctor LP3-like proteins from
different species, including loblolly pine, maidenh&iee (Ginkgo biloba L.), and

douglas-fir Pseudotsuga menziesii (Mirb.) Franco).

Translation related genes

Twelve translation related genes were differentiakpressed in this study as shown in
Table 13. Ten out of these 12 genes are of shorgewd origin. 11 genes were
differentially expressed in shortleaf pine, eitheotugh self-hybridization (10 genes) or
cross hybridization (only one gene, LLP16), with mo$tthe ribosomal proteins
showing upregulation. Most of these genes did not stiff@rential expression in

loblolly pine, with the exception of these three geneLP15, SLP66, and LLP16.
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LLP15 and LLP16 were identified through self-hybrigtion, while SLP66 was

identified through cross hybridization.

SLP70 encodes a DCP1-like decapping protein. SLP703&asase pairs long, and
the deduced protein was 93 amino acids long. Whsnptiotein was blasted against
the NCBI protein databases, homologs from severtiep were identified. Figure 60
shows the MSA for DCP1-like proteins from severalcspe As seen from this
alignment, the deduced protein sequence from SLR@fed a high level of similarity
with (deduced) protein sequences for DCP1-like pmnestefrom diverse species,

including rice Qryza sativa L.), corn Zea maysL.), andArabidopsis.

Real-time PCR to confirm the microarray results

Six genes were selected to further confirm the microareaults and to study gene
expression patterns using quantitative real-time PCR (qRT-PTR).quantitative PCR
experiment was performed using actin as the endogenous control.s Geee for
verification were KN3 (SLP2, GO479091), invertase (3LPG0479110), amylase
(SLP22, GO479111), AP2/ERF (SLP34, GO479123), ®&mdeficit inducible LP3-like
protein (SLP36, GO479125), and a putative recekittaise (listed as kinase in Table
17, SLP_LLP1, GO479192). These selections reptegenes from five different
functional categories: KN3 is a developmental relai@ahscription factor; invertase
and amylase function in carbohydrate metabolism2/ERF is a hormone related gene;
the LP3-like protein is involved in plant stress res® and the receptor kinase

functions in signal transduction.
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The software Primer 3 (http://frodo.wi.mit.edu/) wased to design primers based on
sequence information obtained in this study. The semuénformation is available
from GenBank with the corresponding accession nusabBiormal PCR was applied to
test the specificity of each pair of primers. Ophmers with high specificity showing
one band in an agarose gel were used in qRT-PCR.e T#&blists all the primers used

for qRT-PCR in this study.

In general, the qRT-PCR and array results were in agneeffrigure 61-66). There

were some differences between them. For some qasests from gRT-PCR showed a
higher gene expression level in mRNA abundance than didatray. The higher

expression level in qRT-PCR might result from qRT-PE&eater sensitivity to detect
RNA abundance. Another possible reason for thesliffce was that the time points
for the array experiment and gRT-PCR were not exabiysame: for shortleaf pine,
tissues used in the array experiment were a combmaf tissues collected at 24 hour
and 48 hour after top-killing, and tissues for gRCHRPhad clear-cut time points, from
two hour after cutting treatment to 48h after cuttiregatment; for loblolly pine, tissues
used in the array experiment were a combinationssities collected on the sixth and
seventh day after top-killing, and again tissues dBT-PCR were tissues collected
from one day after cutting treatment to one weekr aftgting treatment. Therefore,

gRT-PCR results provided us with information on théadied expression pattern of

each gene at different time points after cutting tneeit, while array result only
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provided us with general information on transcriptom#ije for an extended period of

time.

From the gRT-PCR results, shortleaf pine’s quick oesp to top removal was more
obvious, as five out of six genes showed expresseaks between four to eight hours
after top-killing. For example, expression of invegaand amylase in shortleaf pine
after top-killing reached expression peaks afterr ftwour and eight hour after
topkilling, respectively. For loblolly pine, the engssion peaks for these two

carbohydrate metabolism genes were seen three ftaysuatting treatments.

As shown in Figure 61, the abundance of invertasestrgsts increased within two
hours after cutting treatment in shortleaf pine, andtinued to increase to reach an
expression peak four hours after cutting treatmembwing a ten-fold upregulation.
Shortleaf pine invertase RNA abundance had a sebohdgmaller peak at 24 hours
after cutting treatment, showing a two-fold upregulationCorrespondingly, array
experiments detected a two-fold upregulation on mixexitkeaf pine samples collected
at 24hours and 48hours after cutting treatment. |&lablly pine, expression peak of
invertase was at three days after cutting treatnsywing a two-fold upregulation.
The abundance of invertase transcripts began tcedserthereafter, and at five days
and seven days after cutting treatment, there wasstlno difference in loblolly pine
invertase RNA abundance between control samplesattithg treated samples, which

was in agreement with array results.
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The abundance of amylase transcripts also increastn two hours after cutting
treatment in shortleaf pine (Figure 62), and contihigeincrease to reach an expression
peak eight hours after the cutting treatment, showiry5afold upregulation. For
loblolly pine, the expression peak was at three d&gs autting treatment, showing a

2.5-fold upregulation.

The abundance of AP2/ERF transcripts increased nvithio hours after cutting
treatment in shortleaf pine (Figure 63), and readedexpression peak eight hours
after cutting treatment, showing a 12-fold upregutatio AP2/ERF RNA abundance
had a small peak at 24 hours after cutting treatméntyisg a 2.8-fold upregulation in
shortleaf pine. Correspondingly, the array experindem¢cted a 2.2-fold upregulation
in mixed shortleaf pine samples collected at 24hourd 48hours after cutting
treatment. For loblolly pine, the expression peak \wbghree days after cutting
treatment, showing an 11-fold upregulation. The abond of AP2/ERF transcripts
began to decrease thereafter, but began to incregse at five days after cutting
treatment. And at seven days after cutting treatntbate was a four-fold change in
AP2/ERF RNA abundance between cutting treated sanapl@<ontrol samples, which

was in agreement with array results.

The abundance of transcripts encoding KN3 increas#@dnmwo hours after cutting
treatment in shortleaf pine (Figure 64), and corgthuo increase to reach the
expression peak after four hours, showing a five-fgtdegulation. For loblolly pine,

KN3 showed no significant (more than two-fold) upredidn at any of the four time
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points; rather, at five days after cutting treatméi3 transcript was significantly less

in treated samples than in control samples.

The abundance of LP3-like gene transcripts increagédun two hours after cutting
treatment in shortleaf pine (Figure 65), and contihigeincrease to reach an expression
peak eight hours after cutting treatment, showing add-upregulation. LP3-like
gene RNA abundance decrease thereafter, but at 24 hadr 48 hours after cutting
treatment, it reaches a plateau, maintaining a twa-figiregulation. Correspondingly,
the array experiment detected a two-fold upregutatiomixed shortleaf pine samples
collected at 24 hours and 48 hours after cuttingttnent. For loblolly pine, the
expression peak was at three days after cuttingtntesd, showing a 6.5-fold
upregulation. The abundance of the LP3-like trapserbegan to decrease thereatfter,
and at seven days after cutting treatment, therealmsst no difference in LP3-like
RNA transcript abundance between control samplescatithg treated samples, which

was in agreement with array results.

The abundance of kinase transcripts increased withir hours after cutting treatment
in shortleaf pine (Figure 66), and transcripts realcheak abundance at 48 hours after
cutting treatment, showing a 2.6-fold upregulationor Bblolly pine, the expression
peak was at seven days after cutting treatment, sigowiseven-fold upregulation.
With the exception of this time point, the abundaaté&blolly pine kinase transcripts

were significantly less in cutting-treated samplenthracontrol samples.
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CHAPTER V

DISCUSSION

Shortleaf pine and loblolly pine are two species paisgslarge differences in
sprouting capability after top cutting treatment. e$é pines were used for cDNA
subtraction and microarray experiments to identifynege responsible for prolific
shortleaf pine sprouting and the gene expressiorerdifites that lead to the large
differences between shortleaf pine and loblollyegfsnsprouting ability following top-
killing. In these comparative analyses with a 2400NA microarray, a total of 139

transcripts were identified to be responsive for spnguafter top-killing.

There have been several recent studies carried g oscroarray to study dormancy
in buds of other plants, including leafy spurge, rasgb@ubus idaeus L.) and poplar
(Populustremula L.; Horvath et al., 2005; Mazzitelli et al., 2007; Schragkeal., 2004).
These studies were focused on dormancy releasehar girimary or axillary buds of
perennial woody species, adventitious buds on peremgatls, or buds on a perennial
vine. This study might be the first study designeatamine pine species’ sprouting
ability due to bud dormancy release after top4kgli In this study of shortleaf pine and
loblolly pine, dormancy release was a main responsetopdeath. Outside

environmental cues like temperature and light migbt play a pivotal role in this
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system as it does in the other systems reportetuahy of dormancy release. However,
it might still be of interest to find common genes andchanism involved in the
different dormancy release systems, and these owhceill be included in the

discussion of genes in different functional categooiegenes identified.

Optimum tissue collection for gene profiling

As our goal was to identify genes responsible foogpng after top-killing of both
shortleaf pine and loblolly pine, it was importaatilentify the appropriate time points
for gene profiling. By a careful watch of the two @ispecies’ response after top
killing, we found that shortleaf pine sprouted 24 hot8shours after top-killing, while
loblolly pine sprouted seven days after top-killingherefore, the tissues collected on
the first and second day for shortleaf pine were tisethe array experiment, while for

loblolly pine tissues collected on the sixth and sélvelay were used.

Through the array experiment 130 differentially expegs genes responsible for
dormancy release were identified for shortleaf pwhile for loblolly pine, only 32
genes were found. It seems that the time pointsHortleaf pine tissue collection are
optimal, but the time points for loblolly pine tissaellection may not be optimized.
Perhaps loblolly pine’s sprouting stimulus at the ecalar level is a result of a
combination of genes with low level changes in exqgeswhich in turn could explain
the limited and slow sprouting response observeble rEsults demonstrated that six-
seven days after treatment, limited gene activity wated in the remaining loblolly

pine stumps. Few differentially expressed genegeaelt loblolly pine bud dormancy

81



release and sprouting were found. In a study rempthe influence of defoliation on
the dormancy release of underground adventitious bbdsafy spurge, it was found
that genes, such as histone H3 and tubulin, were €liffexlly expressed between 24h
to 48h after the defoliation treatment (Horvath let 2002). A similar study reported
that 24-h time points displayed the greatest numbdifterentially expressed genes in
leafy spurge (Horvath et al., 2005). And of note,wglo of undergroundbuds was

detected four to five days after defoliation treatrts (Horvath et al., 2005).

Functional categorization of differentially expressedjenes

Carbohydrate metabolism

Seven genes were found involved in carbohydrate mesaboli Six of them were
upregulated in shortleaf pine. All of these sevenegemere of shortleaf pine origin.
Not a single gene came from loblolly pine. Evendhass hybridization of these genes
with loblolly pine RNA did not produce strong signal§.hese genes encode well-
known enzymes involved in glycolysis (malate synthag&LP17; pyruvate kinase by
SLP18; fructose-bisphosphate aldolase by SLP19)taagentose phosphate pathway
(glucose-6-phosphate dehydrogenase by SLP20). Upregulatiomne$ gevolved in
glycolysis and the pentose pathway suggested that active carliehyartabolism was
involved in dormant bud release in shortleaf pine after top-killingrowide energy for
bud growth. And of note, increased expression levels ofsgenelved in glycolysis
and the pentose pathway were also found associated withrpgrimant bud release

(Canam et al., 2008).
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Amylase and invertase were also found upregulated after tapgkii shortleaf pine. As
key enzymes in carbohydrate catabolism, amylase and invertgssighificant roles in
the regulation of sugar concentration, which in turn influences ggmesston through
sugar signalling pathways (Roitsch et al., 2003). Ahdate, in trees, two invertase
genes were found involved in processes related taapajgrmant bud release (Canam
et al., 2008). High levels of expression of amylasd invertase genes in this study
might promote dormant bud release in shortleaf pinentty only providing energy
through mobilization of carbohydrate reserves, Bsib &unctioning in sugar signaling

pathways.

The one gene found downregulated was glycogenin glucosyltransfefdse.enzyme
catalyzes an essential step in glycogen synthesis (Loeta#tb, 1988; Qi et al., 2005).
Downregulation of a glycogenin glucosyltransferase gene in shopilea suggests that
the series of chemical reactions to store glucose as glycuoggt be suppressed during
dormant bud release after top-killing. The lowered rate of ttlesmical reactions might
be due to the fact that sprouting is an energy consuming process and no extessiee g

is available to be stored as glycogen.

Hormone related genes

As shown in Table 7, six hormone related genes weanaddifferentially expressed
after top-killing in shortleaf pine: two genes relatedgibberellin, three to auxin, and
one to ethylene. Gibberellin 7-oxidase functions to finely metté GA biosynthesis
(Israelsson et al., 2004; Lange et al., 1994, 1997)gibherellin 7-oxidase-like gene

(SLP37) was found upregulated in shortleaf pine a@iprkilling. The high expression
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levels of gibberellin 7-oxidase suggested that GA was agtimgblved in dormant bud
release in shortleaf pine after top-killing. Another GA terlagene encoded a putative
tetratricopeptide repeat (TPR) protein similar to SPINDLYYEBRvhich is a putative O-
linked N-acetyl-glucosamine transferase, and is deemed astavaeggulator of the GA
signal transduction pathway (Tseng et al., 2001; Swain et al., 2082nbh et al., 2009).
In this study, the SPY-like TPR-containing gene (SLP39) was dowiateg in shortleaf
leaf pine after top-killing, and it might function in one of thehpatys that lead to

abundant GA accumulation during dormant bud release.

An auxin-repressed protein (ARP; SLP35) was upregtlateshortleaf pine after top-
killing. ARP showed enhanced expression in the ramtules of Japanese silverberry
(Elaeagnus umbellata; Kim et al., 2007) and seemed to have a positive imolplant
development. High expression levels of ARP were edported to be associated with
dormant bud release in tree peonieaepnia suffruticosa Andrews; Huang et al., 2008).
Like in tree peonies, the upregulation of ARP migltnpote sprouting in shortleaf pine

after top-killing.

The other two auxin-related differentially expressgehes were a gene encoding
anthocyanidin reductase (SLP38) and a gene encoding flaga&bydroxylase (LLP3).
Both genes are involved in flavonoid biosynthesis. Flavonoid biosynthesis weres
found to be rapidly down-regulated during loss of paradormancy in rootdiudafy
spurge Euphorbia esula), and they were documented to be negative regulators of auxin

transporters (Horvath et al., 2005). Therefore the downregulation ofvthegénes

84



involved in flavonoid biosynthesis in shortleaf pine might lead to a higkpression
level of auxin transporter genes which might be responsible for @aaasport from

other minor sources (such as primary root tip) after top-killisgawin is required for
further bud growth after dormancy release (Lincoln et al., 1990). thisnstudy, the
stimulation of auxin transporter genes by downregulation of flavonoigritiossis genes
might be helpful for dormant bud growth. The apical dominance of sHopilea was

released by top-killing, but auxin might be required for sprout tiraamd perhaps to

inhibit growth of remaining lateral buds on stems of shortleaf pine.

The differentially expressed gene related to ethylerss the AP2/ERF domain-
containing transcription factor. AP2/REF, like its coundaetrfeRF1, is a component of
the ethylene signaling pathway, and might play the same rolegdshortleaf pine bud
dormancy release as ERF1 does in promoting sunflokeiafthus annuus L.) seed
dormancy release (Oracz et al., 2009). Investigations have also shown thaiegbheys
a role during tiller release from apical dominance (Harrison ldadfman, 1982).
Ethylene might have the same role during dormant bud release ileahpine after top-

killing.

Cell growth and maintenance

Fourteen differentially expressed genes were foundlved in cell growth and
maintenance in shortleaf pine and loblolly pine rafitg-killing. SLP11 is a homolog to
the STT3B, which functions in protein N-glycosylation (Koiwa ef 2003). Specific

protein glycosylation might be important for cell cycle progi@s under stress
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conditions. In this study, the upregulation of the STT3B-like geri&l%lmight help cell

growth of shortleaf pine under wounding stress.

Glycine-rich gene (SLP8) was upregulated in shortleaf pine faligwop-kill. The

function of glycine-rich proteins (GRPS) is obscure, some were ftmibd components
of plant cell walls (Ringli et al., 2001) and some were proposed fddyers in plant
defense mechanisms (Mousavi and Hotta, 2005). In this study, thasedrexpression
level of GRPs might help the remaining stems of shortleaf gingutvive wounding
stress after top-killing. This glycine-rich gene is of shaftlpine origin, and cross

hybridization of loblolly pine cDNAs to the array slides showed upregulation.

Two cell-wall loosening genes were downregulated in shortleaf pimeexpansin like
gene (SLP4) and a pectin methylesterase-like gene (SLB&h genes play important
roles in cell wall modification during plant growth and development (gteal., 2003;
Phan et al., 2007). The downregulation of expansin and pectimylesterase genes
seen in this study may be due to their more active in seedling development rather

than dormancy release and sprouting.

A methyltransferase (MTase)-like gene (SLP9) was rdegulated in shortleaf pine
after top-killing. MTases are essential enzymesctioning in DNA and protein
methylation (Wang et al., 2005). There are repoftewing decreased MTase

expression during dormancy release in potato tul€ampbell et al., 2008).
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Downregulation of MTase in shortleaf pine might paagimilar role in bud dormancy

release after top-killing.

Tetraspanins were found involved in regulation of ckfferentiation (Olmos et al.,
2003). One homolog of tetraspanin (SLP13) was upatgdlin both shortleaf pine and
loblolly pine. One pentatricopeptide repeat-contajn EMBRYO-DEFECTIVE
similar gene (SLP15) was found to be upregulatedhrtieaf pine after top-killing.
This is a newly discovered gene, which was foundetantportant forArabidopsis seed
development (Devic, 2008). Upregulation of the hormgsloof tetraspanin and
EMBRYO-DEFECTIVE genes in shortleaf pine after tappthg might be helpful for
dormant bud release after top-killing because ofrthmmsitive function in plant

development.

Signal transduction related genes

There were four differentially expressed genes in tategory, including one receptor-
kinase like gene, two phosphatase-like genes and one PBldoordaining protein.
The two phosphateases related genes, protein phoselaaaPP2A) catalytic subunit-
like gene (SLP25) and protein phosphatase 2C (PPRE€)gkene (SLP24), were both
upregulated in shortleaf pine after top-killing. Istigations have shown that they both
can negatively regulate abscisic acid (ABA) respong®rrias et al.,, 2007,
Schweighofer et al., 2004; Yoshida et al., 2006), VABRA’s possible involvement in
the signal transduction pathway mediated by GAs (Ghetnal.,, 1999) and PP2C’s
direct function as an ABA-insensitive locus to atteteu ABA signal (Leung et al.,

1994, 1997; Meyer et al., 1994; Rodriguez et al., 1998)
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One receptor-kinase like protein (SLP_LLP1) was sigarftly upregulated in shortleaf
pine after top-killing. One investigation showed thgraetein kinase mRNA level was
low in dormant peaRisum sativum L.) axillary buds on intact plants and the level
increased when buds were stimulated to grow durirsg lof apical dominance by
decapitating the terminal bud (Devitt and Stafstrd®95). The upregulation of one
receptor-kinase like protein in shortleaf pine anddt pine following removal of the

top may represent a similar response.

Transcription factor related genes

One NAM transcription factor-like gene (SLP1) was downregdlah shortleaf pine
after top-killing. NAM not only functions in the initial developmerit glant lateral
organs from shoot meristems (Aida and Tasaka, 2006), but also is iespongarious
stresses (Olsen et al., 2005; Chen et al., 2008; Seo et al., 2008Y}. stdeste conditions,
NAM was found upregulated where ABA might be induced due to water loss (Gatesan
al., 2008). In this study, the NAM-like gene might be downregulatedatiee lower

ABA levels associated with dormant bud break in the shortleaf pine sproutingsroces

A SHOOT MERISTEMLESS (STM) homolog KN3-like gene (S)R2as found highly
expressed in shortleaf pine after top-killing. The Sgé&me belongs to th&rabidopsis
Knotted1-like homeobox (KNOX) gene subfamily and ete homeodomain
transcriptional regulators that regulate shoot growththe shoot apical meristem

(SAM) (Long et al., 1996; Scofield et al., 2007). Inststudy, the high expression
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level of a KN3-like gene in shortleaf pine suggestsraased meristem activity

involved in sprout formation following dormant bud bktea shortleaf pine.

The DNA binding protein GT-1 is a light-modulated tremgtion factor (Marechal et
al., 1999). In this study, a GT-1-like gene was fbupregulated in shortleaf pine after
top-killing. GT-1 might interact with light responsigenes to promote dormant bud

release in shortleaf pine.

Protein and amino acid metabolism

Thirteen genes related to protein and amino acid moésn were differentially
expressed during sprouting following cutting treatmemtjuding genes involved in
protein reserve mobilization, amino acid metabolisnd genes involved in
posttranslational modulation or degradation of enzyreesh as plant hormones). Both
the serine-type peptidase/signal peptidase and prolyl endopeptidge®tains involved
in the maturation and degradation of peptide hormones. Homoglogs eftiegenes
(SLP47 and LLP8) were both found upregulated in shortleaf pine. Tlegulation is
probably an indicator of active involvement of plant hormones in dormant mabkeein

shortleaf pine after top-killing.

Aleurain (cysteine protease), subtilase (endopeptidase) anddtioren (small redox
regulating proteins) were all documented to be associated witHizatibn of storage
protein in seed germination (Rogers et al., 1997; Fontanini and JonesGbdye et
al., 2004). Homologs of these three genes (SLP48, SLP49 and Sk@®l)pregulated

in shortleaf pine after top-killing. The upregulation of thesgegdunctioning in protein
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degradation suggested active reserve mobilization during dormant bud releasdeafshort

pine after top-killing.

Several genes functioning in amino acid metabolism aks@ differentially expressed,
they tend to be upregulated in shortleaf pine. Thgm®es might function to provide
more energy for sprouting by further breakdown oft@ires and amino acids. Druart et

al. (2007) reported similar results from researcldomant bud release in poplar.

Fatty acid metabolism genes

Three differentially expressed genes were found to be assbomth fatty acid
metabolism after top-killing: one caleosin-like gene (SLP40), daeytglycerol (TAG)
lipase-like gene (SLP41), and one gene encoding proteins belongi@yl$a/SUR4
membrane family (SLP42). In shortleaf pine, the first two gerese upregulated, while

the third one was downregulated.

Caleosins (a group of calcium binding proteins) and Tlif@se are both involved in
lipid degradation during seed germination to providesnargy source to support the
early development of seedlings (Quettier and Eastin@008; Padham et al., 2007).
The upregulation of the two fatty acid catabolismmege (triacylglycerol lipase-like,
SLP41; caleosin-like, SLP40) suggested that fatigsawere actively mobilized during
dormant bud release in shortleaf pine after toprkjl Fatty acid metabolism related
genes were also found upregulated during poplar ddrimadh release (Druart et al.,

2007).
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A gene encoding proteins belonging to GNS1/SUR4 membrane famdg w
downregulated in shortleaf pine after top-killing. TG&S1/SUR4 membrane family
genes were found associated with fatty acid elongation (Bauday.,e2001). The
downregulation of GNS1/SUR4-like gene (SLP42) further indicates ith&bp-killed
shortleaf pine, fatty acids were broken down to provide energy for dordooa release

and bud growth.

Transport genes

Seven differentially expressed genes related to pabhswvere found in this study,
including two ABC (ATP-binding cassette) transporteelidenes, a sulfate transporter-
like gene, an nitrate transporter-like gene, and two genes enctrdimgporters for
unknown proteins and a transporter for basic amino acids (carnitinecaoyitine

antiporter).

Nitrate transporters help mediate N@ptake from external sources (Chopin et al.,
2007). Nitrate can promote dormancy release ardl germination by positively
regulating the activities of enzymes involved in ABAtabolism and GA biosynthesis
(Finch-Savage et al., 2007; Bethke et al., 2007). &lehe upregulation of a nitrate
transporter-like gene (LLP6) in shortleaf pine afigp-killing might function not only

to provide nutrition for sprouting, but also to playoée in dormancy release.

The ATP binding cassette (ABC) functions to transp@itious molecules across cell
membranes by use of energy from ATP (TheodoulouQ20asinski et al., 2003). Two

ABC-transporter related proteins were found eithgr regulated (SLP43) or
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downregulated (LLP4) after top-killing in shortleahp. These two ABC transporters
might be involved in transporting different moleculesther toxic or nutritional in

reverse directions, during shortleaf pine dormant keldase after top-killing. The
reason why the two ABA transporter genes did not hthee same direction of
differential expression (either upregulation or downregoid might be due to the

different functions they have in the bud dormant redgaecess.

Stress responsive genes

Fifteen stress responsive genes were found eithegulated or downregulated after
top-killng. A cystatin (cystein protease inhibitdiRe gene (SLP57) was found
upregulated in shortleaf pine. In plants, high-lewpression of cystatin was
associated with enhanced resistance to variougi@lsivesses (Zhang et al., 2008). In
this study, the upregulation of a cystatin-like gef®.P57) might better protect

shortleaf pine from wound stress.

LEA (late embryo abundant) proteins are extremsfgrophilic proteins, and they are
proposed to play an important role in protectingscéibm dehydration stress (Gilles et
al., 2007; Baker et al., 1988). After the top-mgttreatments, both shortleaf pine and
loblolly pine were in the danger of losing too much evafrom the wounds, which
would affect further development. Upregulation of A-kke genes (SLP_LLP4)
probably function to protect both shortleaf pinel dablolly pine from extreme water

loss.
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In this study, four genes involved in oxidative stredease were all downregulated in
shortleaf pine, including two peroxidase-like genes (LLPALLP12, SLP60), one
glutathione S-transferase-like gene (SLP63) and dde-keto reductase-like gene
(SLP62). Peroxidase, glutathione S-transferase andkeldoreductase are known to be
components of the complex network of active oxygen species (AOS) enzynpéant

cells.

Glutathione S-transferase (GST) functions to add reduced glutail@&@td) to a variety
of substrates (Yu et al., 2003), and can protect cells from oxidddimeage (McGonigle
et al., 2000). Decreased expression of glutathione S-transfer&® (@s found
associated with dormancy breakagelollius ledebouri seeds (Bailey et al., 1996) and
grape buds (Halaly et al., 2008). On the other hand, accumulation of @STound
associated with dormancy introduction @Gastanea crenata trees (Japanese chestnut)
(Nomura et al., 2007). The downregulation of the GST-like gene (SL&63 top-
killing in this study might have an important role in keeping higvels of oxidative
stress in dormant buds and the increased levels of oxidative siréssn helps to

promote dormant bud release in shortleaf pine.

One homolog of thérabidopsis peroxidase gene At5g64120 was found downregulated
after top-killing in shortleaf pine. As catalase, At5g64120 isabke of decreasing
oxidative stress by decreasing®d levels (Riganti et al., 2004; Rouet et al., 2006). In
this study, an At5g64120-like gene (LLP11 LLP12) showed decreapeession levels

in shortleaf pine after cutting treatment. Downregulation of Aty64120-like gene
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suggested that oxidative stress might be resultant from theased level of antioxidant
genes, and oxidative stress might function to promote dormant buder@besiortleaf

pine.

Aldo-keto reductases function primarily to reduce aldehydes aondé®to primary and
secondary alcohols (Jin and Penning, 2007; Oberschall et al., 2000). loatviflena
fatua L.), aldose reductase was found associated with seed dormancy,higith
expression levels in dormant seeds but low expression levels rinpaited ones (Li and
Foley, 1995). In this study, an aldo-keto reductase-like gene (SkR82Jownregulated

in shortleaf pine after top-killing. This suggested that decreaggession of aldo-keto
reductase might be one pathway leading to the accumulation ofoff@@% than HO,,
such as primary and secondary alcohols. These primary and secalwdryis could
function cooperatively with D, to promote dormant bud release in shortleaf pine.
Therefore decreased expression of all these genes invohadioxidant systems might

produce oxidative stress and promote dormant bud break in shortleaf pine.

Cytochrome P450 genes catalyse multiple important reactions aint gecondary
metabolism and are responsive to plant stress (Bolwell et al.,.1994)as found that
plant cytochrome P450 enzymes were involved in wound healing and pestnesisf
Arabidopsis plants (Noordermeer et al., 2001). In this study, a cytochi®4s®-like
gene (SLP61) was upregulated after top-killing in shortleak.pinincreased P450

expression might help shortleaf pine survive wounding stress after cugatignént.
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Galactinol synthase (GolS) is an essential enzymetifuming in the synthesis of

raffinose family oligosaccharides that act as osmiggtants in plant cells (Wakiuchi et
al., 2003). It was proposed that galactinol andimaffe might function to scavenge
hydroxyl radicals to protect plant cells from oxidat damage caused by stress like
high salinity and chilling (Nishizawa et al., 2008; Kiet al., 2008). Decreased
expression of GolS-like gene (LLP13) in loblolly pinaght be a sign of decreased

tolerance to environmental stress, and hence redpredting ability after top-killing.

Translation genes

Ribosomal proteins are involved in the cellular gsx of translation (Sohal et al.,
2008). Five ribosomal-like genes were upregulatedhiortleaf pine after top-killing.
Upregulation of ribosomal genes suggested that actiweslation might occur after top-
killing, and this translation activity most probabigsulted in abundant hormones and
transporter proteins that might be especially impdrteor dormancy release and

sprouting.

A DCP1 (an mRNA-decapping enzyme)-like gene (SLP7@ys Yound upregulated in
shortleaf pine after top-killing. DCP1 was proposedeé important for shoot apical
meristem formation (Xu et al., 2006). In this stuthe upregulation of a DCP1-like
gene (SLP70) in shortleaf pine after top-killing sugfjgd that DCP1 might be
important for shortleaf pine dormant bud break and sboot apical meristem

development.
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Transcribed loci with unknown function and genes wth no hit in the databases

The genes with unknown function or no hit in the bates ranked as the two largest
groups of all the categories. A total of 17 cDNABef@ to match any sequence in the
GenBank databases by the BLAST search, and 28 hachethsequences but their
functions had not yet been characterized. Thesecttegories represented 32 percent
of the sequenced differentially expressed genes. eSaimthem showed strong up or
down regulation after top-killing, suggesting that themmnes might be intimately
involved in regulation of dormant bud release andettgpment after top-killing.
However due to limited sequence information availabl¢he GenBank database, we
do not know their function. Hopefully, as more inf@tion is reported in the near
future, more can be inferred from the results is gtudy with regard to what genes are
involved in shortleaf pine’s prolific sprouting aftesp-killing, and the differences in

gene expression between shortleaf pine and loblaflg.pi

Oxidative stress and dormancy release

In this study four genes (two peroxidase-like geneg, glutathione S-transferase-like
gene and one aldo-keto reductase-like gene) involmedntioxidant systems were
cooperatively downregulated in shortleaf pine attgy-killing, suggesting oxidative

stress’ possible role in dormant bud release. Simultardawsregulation of four genes
acting in antioxidant systems might result efficient potion of dormancy release in

shortleaf pine buds after top-killing through oxidatstress.

Dormant bud release in shortleaf pine was primarifgsponse to top-death, which was

a different stimulus from that of other studies ofrdant bud release, e.g. in grape and
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perennial trees. However, one common point exa@talf species, that is, abiotic stress
was associated with the dormancy release procesBes.this study, shortleaf pine
underwent wound stress, and for the other stugis)ts endured low temperature
stress to fulfill chilling requirements needed formancy release. Both wound stress
and low temperature stress can lead to active oxygpaties (AOS) build-up and
oxidative stress (Swindell, 2006). Decreased csdadartivity and oxidative stress were
proposed to be associated with dormant bud releaperennial trees (Shulman et al.,
1983). In this study, AOS resulting from top-kitliirmight contribute to dormant bud

release in shortleaf pine.

Sprouting was an energy-consuming process, duringhnfaitty acid reserve might be
broken down to provide energy for sprouting. In gtisdy, genes (one triacylglycerol
lipase-like gene, one caleosin-like and one gene encoding proteiosgibg to
GNS1/SUR4 membrane family) involved in fatty acid metabolismewssroperatively
regulated, which suggests that fatty acid was actively mebdikduring dormancy release
after top-killing to provide energy for sprouting. Beta-oxidatian essential step in
fatty acid breakdown, might be activated (althoughgeaes for beta-oxidatiowere
identified in this study) and lead to the accumolabf H,0O,, because beta-oxidation is
an active HO, producing reaction (Huang et al., 1983). As its ral@iomoting seed
dormancy release (Finkelstein et al., 2008), resulth®, from beta-oxidation might

play a positive role in bud dormancy release in $baftpine.

Taken together, three major factors might play esslertles in AOS build-up and
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oxidative stress during dormant bud release in stedrme after top-killing: 1) wound
stress due to cutting treatments; 2) a reduced ad#dakisystem; 3) beta-oxidation in
fatty acid reserve mobilization. Elevated oxidatsteess was effectively achieved due
to the combinational effect of all three factonsdan increased level of oxidative stress
probably promoted dormant bud release in shortfgag, which leads to prolific

sprouting.

Interestingly, increased intrinsic levels 0f®4 were proposed to stimulate the pentose
pathway, which is important for dormancy releaser{dticks and Taylorson, 1975). In
this study, a Glucose-6-phosphate dehydrogenase&élike gene (a gene involved
in the pentose pathway), was upregulated in shortilgak after top-killing.
Upregulation of G6PD6 suggests an enhanced pentdsegatfter cutting treatments.
The stimulated pentose pathway might be due to exeessidogenous 4D, resulting
from accumulated oxidative stress in shortleaf pinterafop-killing. Therefore,
increased pentose pathway activity in this studghhbe an indicator of the oxidative

stress associated with dormant bud break in shogtieafafter top-killing.

Hormone regulated dormancy release

Hormone plays a central role in plant developmé&aA and ethylene have been shown
to be involved in dormancy release in seeds and bAdsin was demonstrated to act
in axillary bud dormancy release after removalmtal dormancy through decapitation.

In this study, genes related to auxin, GA and ethyleaie differentially expressed and
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they might play an essential role in regulating varidegelopmental pathways leading

to dormant bud release in shortleaf pine.

An AP2/ERF transcription factor-like gene was upregulated duringnaloey release of
shortleaf pine and loblolly pine buds. Upregulation of AP2/ERF might pedmimant
bud release in shortleaf pine and loblolly pine because of AP2/ERISisive role in
ethylene production. Interestingly, ethylene’s activity and abwelanight be affected
by AOS, which has been reported to be able to enhance ethyleneuateamthrough
its interaction with ethylene response factors (Oracz e2@0D9). An increased level of
AOS in shortleaf pine and loblolly pine after the cutting treatenight further elevate

ethylene expression levels, which would function to promote dormant bud release.

GA's interaction with various genes in dormant bud release in shortleafipe
Hormones, as central players in plant development, are demedsinatross-talk with
components of various signal transduction pathways. In this studyheogeith
increased levels of GA, various other potentially functionalllateel genes were
upregulated. With GA’'s documented roles in gene regulation of exmmeskvarious
genes, it is possible that in this study GA’s active intevactith genes of diverse
function might help explain dormant bud release in shortleaf pine taftekilling. A
number of such possible interactions are discussed below.

1) GA’s involvement in reserve mobilization

GA was proposed to promote dormancy release due to its possibile moddilization of

storage reserves by inducing enzymes functional in the mololizptiocesses (Bewley
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and Black, 1994). For example, GA was proposed to promote the syrahesastivity
of a-amylases and invertase, two key enzymes in carbon metal{dbs®s et al., 1998;
Nakayama et al., 2002; Koch, 2004). GA also induces expression of aleurgne of
cysteine protease associated with the mobilization of storageinmoturing seed
germination (Koehler and Ho, 1990; Phillips and Wallace, 1989). In tody,s
amylases-like, invertase-like and aleurain-like genes werepaigulated in shortleaf
pine after top-killing. It is possible that GA played a positiele in carbohydrate and
protein reserve mobilization by regulating activities of genes wedblin the reserve

mobilization processes, including invertase and aleurain.

2) GA’s possible role in sugar signal transduction

In addition to their role in carbohydrate degradation, invertase andasenylere

proposed to be important players of sugar signal transduction (R66d). Therefore,
GA might be directly or indirectly involved in sugar signal tdungion because of its
interaction with pathways associated with amylase and inveatdisety and abundance.
Cross-talk might exist between sugar signal pathways and GHated plant

developmental pathways, and the cross-talk might play an impaootantrdormant bud

release in shortleaf pine after top-killing.

3) GA’s possible role in signal transduction mediated by PP2A
GA might play a positive role in dormancy release by intargatrith other components
in signal transduction pathways. For example, protein phosphatagEP2Z2R) is an

important phosphatase involved in reversible protein phosphorylation to teeguday
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cellular processes (Hunter, 1995; Millward et al.,, 1999). GA wapgzed to be
involved in the PP2A signal transduction pathway (Chang et al., 1999). fdreei@A’s
abundance and activity might affect various pathways which hadsielemprotein
phosphorylation mediated by PP2A, because of GA’s involvement in PRl si
transduction. Interestingly, it was found that PP2C acts to imelyategulate ABA
activities by functioning as an ABA insensitive locus to attemdd®A signal (Meyer et
al.,, 1994; Rodriguez et al., 1998). In this study, one P&Awas upregulated in
shortleaf pine after cutting treatments. It is possible ttessetalking between GA and
components from other signal transduction pathways (including ABAateetipathways)

might be involved in dormant bud release in shortleaf pine.

4) GA's regulation of light sensitive genes

GA synthesis was proposed to be influenced by light because GAnsgnthesis genes
were known to be light sensitive.  For example, lightnpotes GA synthesis in
imbibing lettuce seeds (Toyomasu et al., 1998). imgtudy, a GT-1-like gene (a light-
modulated transcription factor), was upregulated in tiedr pine after cutting

treatments. The increased expression levels of thel-Bke gene might have an
important role in regulating light responsive genes, sscthase genes involved in GA

synthesis, which would function to promote dormandgase.

5) GA might be regulated by nitrate

Nitrate was proposed to be able to positively regullaé activities of enzymes involved

in GA biosynthesis (Finch-Savage et al., 2007). hla study, a nitrate transporter gene
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was upregulated in shortleaf pine after cutting tremiis. Increased levels of nitrate
resultant from elevated levels of nitrate transpogenes might function to promote

GA biosynthesis during dormant bud release in shdntlieee.

Application of array results to pine regeneration plannng

Reserve mobilization appears to play an importarg molshortleaf pine bud dormancy
release and sprouting. To insure good sprouting, it neayniportant to optimize the
timing of prescribed fire. A winter burn might better than summer burn, because
following a winter burn, adequate reserves can bbilmed for sprouting. Conversely,
following a summer burn, as most of the reservee laneady been used for the growth

in the spring and early summer, sprouting could be éichdue to limited reserves.

Oxidative stress might play an important role in lnadmancy release and sprouting.
Chemicals could be applied to loblolly pine stems torel@se activities of enzymes
(such as catalase) involved in the antioxidant systemettempt to induce oxidative
stress. The resultant oxidative stress might fundibopromote loblolly pine sprouting

after top-killing.

In conclusion, by gene profiling with about 2400 cDNAones obtained from

suppression subtractive hybridization, 139 differ@htiexpressed genes were found to
be associated with sprouting, including genes functiomingeserve (carbohydrates,
protein and fatty acid) mobilization, transcriptiorralgulation, stress response, plant

development, signal transduction and hormone regulati®®. differentially expressed
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genes were found to be responsible for the dorman®asel of axillary buds of
shortleaf pine after top-killing. Shortleaf pinespends actively to top-killing at the
molecular level. In contrast, only 32 differentyabxpressed genes were detected for
loblolly pine. It seems that loblolly pine’s sprawgi stimulus at the molecular level
was a result without much change in expression lewel,raay explain loblolly pine’s

slow and limited sprouting compared to shortleaf pine

As reported for dormancy release of buds of otheemp@al plants, oxidative stress
might be the major factor in dormancy release ofiax buds of shortleaf pine. It is
apparent that cross talking between plant hormongedcesdly gibberellins and auxins),
carbohydrates, and other players of signal transoluatiork cooperatively to promote

sprouting of shortleaf pine after top-killing.
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Table 1. Number of upregulated and downregulated genes identiflen microarray
experiments

Upregulated® Downregulated Upregulated in  Downregulated in
Cross Cross
hybridization hybridization
Shortleaf pine 60° 42 3 24
Loblolly pine 6 7 15 4

& Only differentially expressed genes identified dgrself-hybridization were included.
® Values of signal intensity ratios showing a mawnttwo-fold up- or down- regulation were included.
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Table 2. Transcription factor genes and their expression levels shortleaf pine (SLP) and
loblolly pine (LLP) after top-killing
Name Accession Annotation® E value®  Source SLP  LLP
number?
SLP1 GO479090 NAM,; transcription factor le-17 Piceaglauca -2.78 1.67
SLP2 GO479091 homeobox transcription factor2e-49 Pinusstrobus 2.47 1.22
KN3
SLP3 GO479092 DNA binding protein GT-1, 2e-10 Zea mays 2.18 *
transcription factor
@ GenBank accession number. All cDNA sequences sudymitted to GenBank.
® BLASTX was used to identify homologous genes am@tpve functions of genes. BLASTN was used in
case no hits were found by BLASTX.
“The Expect value (E) is a parameter that descilesiumber of hits one can "expect" to see by a@hanc
when searching a database of a particular sizee IGWer the E-value, or the closer it is to zeh® more
"significant" the match is.
dValues of signal intensity ratios showing a moranttwo-fold up- or down- regulation are shaded with
blue or yellow, respectively. The median intensifyue of the replicates was used to calculate itneab
intensity ratio.
* Data not available due to the low significance.
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Table 3. Genes related to cell growth and maintenance and their engssion levels in
shortleaf pine (SLP) and loblolly pine (LLP) after top-killing

Name
SLP4
SLP5
SLP6
SLP7
SLPS8
SLP9

SLP10
SLP11

SLP12

SLP13

SLP14

SLP15

SLP16

LLP1

Accession
Number?

GO479093
GO479094
GO479095
GO479096
GO479097
G0O479098

GO0479099
GO479100

GO479101

GO479102

G0O479103

GO0479104

GO479105

GO479197

Annotation®
expansin 2 2e-10

pectin-methylesterasede-26

actin 1 7e-29
glycine-rich protein  7e-26
glycine-rich protein  4e-132
methyltransferase  6e-14
histone H4 5e-13
STT3B le-19

endomembrane proteife-22
70
TETRASPANINS 3e-21
pyridoxine 7e-24
biosynthesis protein
pentatricopeptide
repeat-containing
protein; similar to
EMBRYO
DEFECTIVE 2745
thioesterase family
protein
O-methyltransferase 2e-17

4e-10

le-46

E valuée’

Source

Cunninghamia
lanceolata
Musa acuminata
Picea abies
Arabidopsis
thaliana
Arabidopsis
thaliana
Arabidopsis
thaliana

Zea mays
Arabidopsis
thaliana
Oryza sativa

Arabidopsis
thaliana
Lotus corniculatus

Ricinus communis

Arabidopsis
thaliana
Arabidopsis
thaliana

@ GenBank accession number. All cDNA sequences sudymitted to GenBank.
® BLASTX was used to identify homologous genes am@tpve functions of genes. BLASTN was used in
case no hits were found by BLASTX.
“The Expect value (E) is a parameter that descil@siumber of hits one can "expect" to see by a@hanc
when searching a database of a particular sizee IGWer the E-value, or the closer it is to zeh® more

"significant" the match is.

SLP
-2.64
-3.42
2.79
3.98
2.86

-3.01

1.54
2.74

2.23
2.13
2.77

2.59

2.49

1.42

LLP
211
1.56
2.41
2.09
1.77
1.37

-2.60
-1.88

2.55

1.75

1.56

-1.16

1.44

-3.13

dvalues of signal intensity ratios showing a moranttwo-fold up- or down- regulation are shaded with
blue or yellow, respectively. The median intensiyue of the replicates was used to calculate ideab
intensity ratio.
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Table 4. Carbohydrate metabolism genes and their expression legéh shortleaf pine (SLP)
and loblolly pine (LLP) after top-killing

Name Accession Annotation® E Source SLP  LLP
Number? value®
SLP17 GO479106 malate synthase 2e-10 Glycinemax 3.48' 1.31
SLP18 GO0479107 pyruvate kinase-like 4e-31 Deschampsia 2.04 1.01
antarctica
SLP19 GO479108 fructose-bisphosphate aldolase 4e-17  Ricinus 291 156
communis
SLP20 GO479109  glucose-6-phosphate 2e-59  Populus 290 -1.24
dehydrogenase(G6PD6) suaveolens
SLP21 GO479110 invertase 8e-23  Lotus 218 1.17
japonicus
SLP22 GO479111  beta-amylase le-14  Solanum 3.16 1.36
tuberosum
SLP23 GO0479112 glycogenin-related; transferring  2e-11  Ricinus =272 152
glycosyl groups communis

@ GenBank accession number. All cDNA sequences sudymitted to GenBank.

® BLASTX was used to identify homologous genes am@tpve functions of genes. BLASTN was used in
case no hits were found by BLASTX.

“The Expect value (E) is a parameter that descilesiumber of hits one can "expect" to see by a@hanc
when searching a database of a particular size2 IGWer the E-value, or the closer it is to zeh® more
"significant" the match is.

dvalues of signal intensity ratios showing a moranttwo-fold up- or down- regulation are shaded with
blue or yellow, respectively. The median intensityue of the replicates was used to calculate itneab
intensity ratio.
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Table 5. Signal transduction genes and their expression levels imostleaf pine (SLP) and
loblolly pine (LLP) after top-killing

Name Accession  Annotation® E Source SLP LLP
Number® value®

SLP24 GO479113  protein phosphatase 2C 2e-25 Zeamays 3.5 1.82

SLP25 GO479114  protein phosphatase 2A catalyticoe-37 Zeamays  3.50 2.09
subunit

SLP27 GO479116  octicosapeptide/Phox/Bemlp 3e-25 Medicago -2.88 1.34
(PB1) domain-containing protein truncatula

SLP_LLP1 GO479192  serine-threonine protein kinase 5e-04 Ricinus 7.66 1.22

communis

@ GenBank accession number. All cDNA sequences sudymitted to GenBank.

® BLASTX was used to identify homologous genes am@tpve functions of genes. BLASTN was used in
case no hits were found by BLASTX.

°The Expect value (E) is a parameter that desctiesiumber of hits one can "expect” to see by ahanc
when searching a database of a particular sizes IGer the E-value, or the closer it is to zeh® more
"significant" the match is.

dvalues of signal intensity ratios showing a moranttwo-fold up- or down- regulation are shaded with

blue or yellow, respectively. The median intensiyue of the replicates was used to calculate ideat
intensity ratio.
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Table 6. Ubiquitin related genes and their expression levels imartleaf pine (SLP) and
loblolly pine (LLP) after top-killing

Name Accession Annotation® E Source SLP LLP
Number? value®
SLP28 GO479117  ubiquitin extension protein-like  2e-26 Elaeis 248~
protein guineensis

SLP29 GO479118  ubiquitin system component Cue 1e-22 Zea mays 322 150
domain containing protein

SLP30 GO479119  20S proteasome subunit alpha-1 1e-36 Carica -2.14 148

papaya

SLP31 GO479120  26S protease regulatory subunit 83e-59 Pinustaeda 2.90  1.64

@ GenBank accession number. All cDNA sequences sudymitted to GenBank.

® BLASTX was used to identify homologous genes am@tpve functions of genes. BLASTN was used in

case no hits were found by BLASTX.

°The Expect value (E) is a parameter that desctiesiumber of hits one can "expect” to see by ahanc

when searching a database of a particular sizes IGer the E-value, or the closer it is to zeh® more

"significant" the match is.

dvalues of signal intensity ratios showing a moranttwo-fold up- or down- regulation are shaded with

blue or yellow, respectively. The median intensiffue of the replicates was used to calculate idneab

intensity ratio.

* Data not available due to the low significance.
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Table 7. Pathogenesis related genes and their expression lewelshortleaf pine (SLP) and
loblolly pine (LLP) after top-killing

Name Accession Annotation® E Source SLP LLP
Number® value’®
SLP_LLP2 GO0479193 PR1a preprotein 1le-37  Capsicum -3.87 179
annuum

LLP2 G0479198 TIR/NBS/LRR disease 5e-05 Pinus taeda -3.76 152
resistance protein

SLP32 GO479121 PR4 (Pathogenesis- 0.0 Arabidopsis 264 149
Related 4) thaliana

SLP33 G0479122 NBS/LRR 0.001 Pinus taeda 233 1.90

@ GenBank accession number. All cDNA sequences sudymitted to GenBank.

® BLASTX was used to identify homologous genes am@tpve functions of genes. BLASTN was used in
case no hits were found by BLASTX.

°The Expect value (E) is a parameter that desctitesiumber of hits one can "expect” to see by ahanc
when searching a database of a particular sizes IGer the E-value, or the closer it is to zehg more
"significant" the match is.

dvalues of signal intensity ratios showing a moranttwo-fold up- or down- regulation are shaded with
blue or yellow, respectively. The median intensifyue of the replicates was used to calculate idneab
intensity ratio.

116



Table 8. Hormone related genes and their expression levels in stieaf pine (SLP) and
loblolly pine (LLP) after top-killing

Name

SLP34

SLP35
SLP37
SLP38
SLP39

LLP3

Accession
Number?

G0479123

GO0479124

GO0479126

G0O479127
G0479128

GO479199

Annotation® E value®  Source SLP
AP2/ERF domain- 6e-05 Populus 2.28'
containing transcription trichocarpa
factor
auxin-repressed protein-lilge-23  Manihot 2.31
protein ARP1 esculenta
gibberellin 7-oxidase 4e-0LCucurbita 3.20
maxima
anthocyanidin reductase 9e-3Binkgo biloba -2.79
tetratricopeptide repeat 2e-65 Ricinus -2.89
protein, tpr; communis
similar to SPY (SPINDLY)
flavanone 3-hydroxylase 6e-04Triticum ?
aestivum

@ GenBank accession number. All cDNA sequences sigrmitted to GenBank.
 BLASTX was used to identify homologous genes amatpve functions of genes. BLASTN was used in
case no hits were found by BLASTX.
°The Expect value (E) is a parameter that desctiesiumber of hits one can "expect” to see by ahanc
when searching a database of a particular sizee IGer the E-value, or the closer it is to zehg more

"significant" the match is.

LLP

2.81

-1.07
-1.50
1.19

1.54

1.29

dvalues of signal intensity ratios showing a moranttwo-fold up- or down- regulation are shaded with
blue or yellow, respectively. The median intensiyue of the replicates was used to calculate ideat
intensity ratio.
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Table 9. Fatty acid metabolism genes and their expression levatsshortleaf pine (SLP) and
loblolly pine (LLP) after top-killing

Name  Accession Annotation® E value®  Source SLP LLP
Number®
SLP40 GOA479129 caleosin 2e-45 Cycasrevoluta 269" 1.99
SLP41  GO479130 triacylglycerol lipase 1le-06 Ricinus 1.95 *
communis
SLP42 GO479131 GNS1/SUR4 membrane 6e-45 Medicago -3.03 158
family protein truncatula

@ GenBank accession number. All cDNA sequences sudymitted to GenBank.

® BLASTX was used to identify homologous genes am@tpve functions of genes. BLASTN was used in

case no hits were found by BLASTX.

“The Expect value (E) is a parameter that descilesiumber of hits one can "expect" to see by @hanc

when searching a database of a particular size2 IGWer the E-value, or the closer it is to zeh® more
"significant" the match is.

dvalues of signal intensity ratios showing a moranttwo-fold up- or down- regulation are shaded with

blue or yellow, respectively. The median intensiyue of the replicates was used to calculate ideab
intensity ratio.
* Data not available due to the low significance.
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Table 10. Transport genes and their expression levels in shortfgaine (SLP) and loblolly
pine (LLP) after top-killing

Name Accession Annotation® E Source SLP  LLP
Number® value®

SLP43 GO0479132 ABC transporter 2e-8&opulus 427 1.38
nigra

SLP44 GO0479133 protein transport protein SEC61 gamf&l19 Zea mays 258 284

subunit

SLP45 GO479134 ATMBAC2/BAC2 2e-12 Arabidopsis  -2.27  1.62
thaliana

LLP4 GO0O479200 ATMRP15 2e-62 Arabidopsis -3.64 1.73
thaliana

LLP5 GO479201 sulfate transporter (SULTR3) 5e-2Brabidopsis -4.53 1.42
thaliana

LLP6 GO479202 nitrate transporter (NTP2) 7e-2Prabidopsis 523  -1.85
thaliana

LLP7 GO0479203 protein transport ATGDI1 6e-6WNeurospora  -20.44  -1.56
crassa

@ GenBank accession number. All cDNA sequences sudymitted to GenBank.

® BLASTX was used to identify homologous genes am@tjve functions of genes. BLASTN was used in
case no hits were found by BLASTX.

°The Expect value (E) is a parameter that desctii'eaumber of hits one can "expect" to see by ahaien
searching a database of a particular size. Therldhe E-value, or the closer it is to zero, theramo
"significant" the match is.

dvalues of signal intensity ratios showing a moranttwo-fold up- or down- regulation are shaded with
blue or yellow, respectively. The median intensifue of the replicates was used to calculate idpeat
intensity ratio.
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Table 11. Protein and amino acid metabolism genes and their expressilevels in shortleaf
pine (SLP) and loblolly pine (LLP) after top-killing

Name Accession Annotation® E Source SLP LLP
Number® value®
LLP8 G0479204 prolyl endopeptidase  2e-07 Ricinus 3.14' 1.33
communis
LLP9 G0479205 serine carboxypeptidase2e-77 Oryza sativa -2.42 1.77
LLP10 G0O479206 homoserine O- le-21 Pyrenophora -2.89 1.69
acetyltransferase tritici-repentis
SLP47 GO479136 serine-type peptidase/ 7e-12  Arabidopsis 2.15 172
signal peptidase thaliana
SLP48 GO0479137 aleurain-like protease 6e-71 Arabidopsis 2.08 -1.32
thaliana
SLP49 G0479138 subtilase 7e-43  Picea abies 2.57 1.44
SLP50 GO0479139 ATP-dependentClp  5e-08 Ricinus 2.13 141
protease proteolytic communis
subunit
SLP51 G0479140 thioredoxim 7e-22  Hevea 2.17 1.22
brasiliensis
SLP52 G0479141 O-acetylserine(thiol)- 9e-35 Sesamum 2.93 -1.17
lyase indicum
SLP53 G0479142 tryptophan synthase 0.0 Physcomitrella  2.55 1.57
patens
SLP54 G0479143 ketol-acid 5e-76 Spinacia 2,51 1.49
reductoisomerase oleracea
SLP55 GO479144 fumarylacetoacetate = 5e-79 Ricinus 2.10 -1.03
hydrolase communis
SLP56 GO0479145 peptidase M3 family ~ 3e-48  Arabidopsis -2.05 1.72
protein thaliana

@ GenBank accession number. All cDNA sequences sigmitted to GenBank.

 BLASTX was used to identify homologous genes amatpve functions of genes. BLASTN was used in
case no hits were found by BLASTX.

“The Expect value (E) is a parameter that descilesiumber of hits one can "expect" to see by a@hanc
when searching a database of a particular sizee IGWer the E-value, or the closer it is to zeh® more
"significant" the match is.

dvalues of signal intensity ratios showing a moranttwo-fold up- or down- regulation are shaded with
blue or yellow, respectively. The median intensiffue of the replicates was used to calculate idneab
intensity ratio.
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Table 12. Stress responsive genes and their expression levels in #eaf pine (SLP) and
loblolly pine (LLP) after top-killing

Name

SLP36
SLP46
SLP57
SLP59
SLP60
SLP61
SLP62
SLP63
SLP64
SLP65

SLP_LLP3
SLP_LLP4

LLP11
LLP12

LLP13
LLP14

Accession

Number?
G0479125
G0479135
G0O479146
G0479148
G0479149
G0479150
G0479151
G0479152
G0479153
G0479154

GO0479194
GO479195

G0479207
G0479208

G0479209
G0479210

Annotation® E value
deficit inducible LP3- 2e-34
like protein
metallothionein-like 6e-08
protein class Il
cystatin, cysteine
protease inhibitor
peroxiredoxin (PRX)- 8e-04
like 2 family
secretory peroxidase 8e-04

5e-22

cytochrome P450  8e-63

aldo-keto reductases 5e-44

glutathione S- 4e-33
transferase

strictosidine synthase8e-17

family protein
type 3 metallothioneir2e-09
class | chitinase 2e-22
LEA 3e-25
peroxidase__ 4e-11
At5g64120
peroxidase_ 4e-11
At5g64120
galactinol synthase 8e-15

low molecular weight 9e-08
HSP

Source

Pseudotsuga
menziesii
Picea abies

Glycine max
Oryza sativa

Catharanthus
roseus

Picea
sitchensis
Ricinus
communis
Ostreococcus
tauri
Marinobacter
aquaeole
Prosopis
juliflora
Pinus dliottii
Pinus
halepensis
Solanum
lycopersicum
Solanum
lycopersicum
Ajuga reptans
Pseudotsuga
menziesii

@ GenBank accession number. All cDNA sequences sudymitted to GenBank.
® BLASTX was used to identify homologous genes am@tpve functions of genes. BLASTN was used in
case no hits were found by BLASTX.
°The Expect value (E) is a parameter that desctitesiumber of hits one can "expect” to see by ahanc
when searching a database of a particular sizee IGer the E-value, or the closer it is to zehg more

"significant" the match is.
dvalues of signal intensity ratios showing a moranttwo-fold up- or down- regulation are shaded with
blue or yellow, respectively. The median intensifyue of the replicates was used to calculate itneab

intensity ratio.

* Data not available, due to the low significance.

SLP
2.25
4.41
3.01
2.17
-2.28
2.33
-2.00
-2.94
-2.95
3.25

2.24
5.17

-1.68
-3.74

1.52
1.62

LLP

1.21

1.58

-1.72

2.00

1.16

*

1.46

1.35

1.45

-1.52

-5.44
1.79

2.47

1.77

-3.50
4.20
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Table 13. Translation related genes and their expression levels inestieaf pine (SLP) and
loblolly pine (LLP) after top-killing

Name Accession Annotation® E Source SLP  LLP
Number® value®
LLP15 GO0479211 40S ribosomal protein S17 4e-5 Solanum 138 -3.60
tuberosum
LLP16 GO0479212 60S ribosomal protein L21 4e-86  Arabidopsis 391 1281
thaliana
SLP66 GO479155 60S ribosomal protein L30 7e-35 Pisumsativum  1.98 1.98
SLP67 GO479156 60S ribosomal protein L27 le-50 Elaeis 2.86 127
guineensis
SLP68 GO0479156 40S ribosomal protein S14 2e-57  Elaeis 197 102
guineensis
SLP69 GO479158 eukaryotic translation initiation 4e-35  Ricinus 2.84 131
factor 5 (elF-5) communis
SLP70 GO479159 DCP1 (DECAPPING 1) 2e-6 Oryza sativa 216 -~
SLP71 GO479160 XS domain-containing protein  2e-35  Ricinus -2.74 146
communis
SLP72 GO479161 CDK-activating kinase assembly2e-09  Ricinus 441 143
factor MAT1 communis
SLP73 GO0479162 MIFAG domain containing RNA 1e-101 Physcomitrella 488 1.58
binding protein patens
SLP74 GO479163 RNA-binding protein, similar to 5e-26  Ricinus -2.08 169
GR-RBPS5 (glycine-rich RNA- communis

binding protein 5)
@ GenBank accession number. All cDNA sequences sudymitted to GenBank.
® BLASTX was used to identify homologous genes am@tpve functions of genes. BLASTN was used in
case no hits were found by BLASTX.
“The Expect value (E) is a parameter that descilesiumber of hits one can "expect" to see by a@hanc
when searching a database of a particular size2 IGer the E-value, or the closer it is to zeh® ore
"significant" the match is.
dvalues of signal intensity ratios showing a moranttwo-fold up- or down- regulation are shaded with
blue or yellow, respectively. The median intensifyue of the replicates was used to calculate itneab
intensity ratio.
* Data not available, due to the low significance.
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Table 14. Photosynthesis genes and their expression levels inrdleaf pine (SLP) and
loblolly pine (LLP) after top-killing

Name Accession Annotation® E Source SLP LLP
Number® value®
SLP75 GO0479164 photosystem | reaction 5e-15 Zea mays 282 1.38
center subunit X
SLP76 GO479165 PSBQ-2; calcium ion 1le-08 Arabidopsis -321  1.66
binding thaliana

@ GenBank accession number. All cDNA sequences sudymitted to GenBank.

® BLASTX was used to identify homologous genes am@tpve functions of genes. BLASTN was used in
case no hits were found by BLASTX.

°The Expect value (E) is a parameter that desctiesiumber of hits one can "expect” to see by ahanc
when searching a database of a particular sizee IGer the E-value, or the closer it is to zehg more
"significant" the match is.

dvalues of signal intensity ratios showing a moranttwo-fold up- or down- regulation are shaded with
blue or yellow, respectively. The median intensiffue of the replicates was used to calculate itneab
intensity ratio.
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Table 15. Transcribed loci with unknown function and their expession levels in shortleaf
pine (SLP) and loblolly pine (LLP) after top-killing

Name Accession Annotation® E value  Source SLP LLP
Number?
SLP77 G0O479166 DR060572.1 le-172  pinustaeda 2.49" 2.98
SLP78 G0479167 DR055374.1 0.0 Pinus taeda -1.94 211
SLP79 G0479168 DR072693.1 0.0 Pinus taeda 1.53 -4.78
SLP80 G0479169 DR017586.1 6e-80  Pinustaeda -3.07 1.23
SLP81 G0479170 AT1G16210 le-52  Arabidopsis -2.38 1.64
thaliana
SLP82 G0479171 AT2G45990 7e-47  Oryza sativa -2.76 1.83
Indica Group
SLP83 G0O479172 DR117814.1 0.0 Pinus taeda -4.22 1.49
SLP84 G0479173 AT4G24330 0.0 Arabidopsis 3.27 *
thaliana
SLP85 G0479174 DT624870.1 4e-22  Pinustaeda 2.30 1.38
SLP86 G0479175 AT5G46090 5e-120  Arabidopsis 3.05 2.83
thaliana
SLP87 G0O479176 DV986162.2 6e-79  Piceaglauca -2.52 1.28
SLP88 GO479177 BX784157.1 5e-121  Pinus pinaster -2.53 141
SLP89 G0479178 C0158582.1 le-52  Pinusteada 3.23 *
SLP90 G0O479179 AT4G30790 0.0 Arabidopsis 2.04 1.92
thaliana
SLP91 G0479180 AT4G02880 0.0 Arabidopsis 2.76 1.07
thaliana
SLP92 G0479181 CT576025.1 0.0 Pinus pinaster ~ -2.55 1.49
SLP93 G0479182 BX680450.1 2e-130 Pinuspinaster  -3.86 1.45
SLP94 G0479183 BQ655588.1 6e-28  Pinusteada -2.72 1.95
SLP95 G0479184 EG967606.1 5e-92  Tamarix -2.80 1.63
hispida
SLP26 G0479115 DR017133.1 0.0 Pinus taeda 1.05 -4.45
LLP17 G0479213 CN852425.1 4e-116  Pinustaeda -3.22 -9.49
LLP18 G0479214 CX648522.1 2e-45  Pinustaeda -2.57 1.73
LLP19 G0479215 ES248885.1 2e-27  Pinustaeda -3.49 2.13
LLP20 G0479216 DR072326.1 2e-123 Pinustaeda -6.02 1.62
LLP21 G0479217 DR021735.1 8e-64 Pinus taeda -2.84 1.53
LLP22 G0479218 BM493742.1 le-43  Pinustaeda -2.67 2.33
LLP23 G0479219 DR017133.1 0.0 Pinus taeda -1.71 -3.96
LLP24 G0479220 CAN72731 4e-04  Vitisvinifera -2.60 1.75
SLP_LLP5 G0O479196 C0362028.1 3e-73  Pinustaeda -3.43 -11.26

@ GenBank accession number. All cDNA sequences sudymitted to GenBank.

® BLASTX was used to identify homologous genes am@tpve functions of genes. BLASTN was used in
case no hits were found by BLASTX.

“The Expect value (E) is a parameter that descilesiumber of hits one can "expect" to see by a@hanc
when searching a database of a particular sizee IGWer the E-value, or the closer it is to zehg more
"significant" the match is.

dvalues of signal intensity ratios showing a moranttwo-fold up- or down- regulation are shaded with
blue or yellow, respectively. The median intensifyue of the replicates was used to calculate itneab
intensity ratio.

* Data not available due to the low significance.

124



Table 16. Genes with no hit in the databases and their expression |svie shortleaf pine
(SLP) and loblolly pine (LLP) after top-killing

Name AccessioA Annotation® E value Source SLP LLP
number
SLP58 G0479147 No hit -3.53 1.49
SLP96 G0479185 No hit -4.17 1.49
SLP97 G0479186 No hit 0.77 -2.99
SLP98 G0479187  No hit -2.87 1.42
SLP99 G0479188  No hit -2.94 1.44
SLP100 G0479189  No hit -2.62 1.49
SLP101 G0O479190 No hit -3.95 1.44
SLP102 GO0479191  No hit -2.22 1.60
LLP25 G0479221 No hit -4.11 1.51
LLP26 G0479222 No hit 1.11 2.08
LLP27 G0479223 No hit -3.07 1.27
LLP28 G0479224 No hit -3.08 1.52
LLP29 G0479225 No hit -3.53 1.45
LLP30 G0479226 No hit -2.85 1.38
LLP31 G0479227 No hit -2.46 1.64
LLP32 G0479228 No hit -3.06 1.45
LLP33 G0479229 No hit -2.67 1.53
LLP34 G0479230 No hit -3.17 1.22

@ GenBank accession number. All cDNA sequences sudymitted to GenBank.

® BLASTX was used to identify homologous genes am@tpve functions of genes. BLASTN was used in
case no hits were found by BLASTX.

“Values of signal intensity ratios showing a moranttiwo-fold up- or down- regulation are shaded with
blue or yellow, respectively. The median intensifjfue of the replicates was used to calculate idneab
intensity ratio.
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Table 17. Primers used in qRT-PCR.
Gene name Accession Forward primer (5 —3)°

number?
SLP2 G0O479091
SLP21 G0479110
SLP22 G0O479111
SLP34 G0479123
SLP36 G0479125

SLP_LLP1 GO479192

AAGCGACATTGGAAACCATC
CGAGCAATTGAACTTGCAGA
CAGTCCGGAGGGTCTCATTA
CATTAGGGTTTGGCTTGGAA
GCCTATGGATCGTCCGATTA
GGCTTTGTCGGATCCTTGTA

@ GenBank accession number.
® Primers were designed using Primer 3.

Reverse primer (5-3)

TCCATTGAAAAGGCAGICC
TGGCGGCTTTATCTTTGT
CTGAACAGTGCCTCTCAT

AATCAGGGTTTTT@&ACAG
ACGCTTGTGGTGTTTCCT
AATCCACCACATGGAAAA
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Figure 1. Shortleaf pine and loblolly pine in the gite@use seven days after planting.
One-year-old shortleaf pine and loblolly pine weranpéd in plastic pots in the NREM

greenhouse.
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Figure 2. Top cut pines (foreground) and untreatedrots (background). Shortleaf

pine and loblolly pine in the treatment groups weretbpvith one-inch of stem left

seven days after planting.
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Figure 3. Pictures taken during tissue collection. 3A was taken two deysting
treatments on shortleaf pine; 3B was taken seven days after cuttingeinésbn loblolly
pine; 3C was taken one week after sprouting (nine days after cutting tnesjtiore
shortleaf pine; 3D was taken one week after sprouting (14 days after cuthtmgetnés)

on loblolly pine.
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I Shortleaf pine or loblolly pine seedlingsl

| Uncutting control | I Cutting treatment I

v
I RNA isolated from tissues before sprouting I

v v

MRNA reverse transcribed ‘ Forward and reverse cDNA ‘

and fluorescently labele library constructed

/ !

‘ Experimental Control PCR amplified SSH

Cv5 Rec Cy3 Greer library cDNA clones
spotted onto glass slides

I Array hybridization with the labeled probe I

!

I Array scanning with laser scan I

'

I Data analysis I

'

I Determination of differentially expressed genesl

'

Validation of differentially expressed genes and study of
detailed exoression pattern bv reetime PCR

Figure 4. Detailed experimental outline. Tissuesawmllected at different time points,
and tissues collected at the optimum time points (kadrpine, the first and second
day; loblolly pine, the sixth and the seventh dayjemgsed for preparation of array

cDNA, cDNA labeling and the array experiment.
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2h
4h

8h
16h
24h
48h

I Shortleaf pine P I Real-Time PCR

I Comparison I

I Loblolly pine P I Real-Time PCR

1d
3d
5d
7d

Figure 5. Tissue collection for Real-time PCR. sliss were collected at different time
points after top-killing for quantitative realtime P@Rperiments. For shortleaf pine,
tissues were collected at two, four, eight, 16, 244thtours after top-killing. For

loblolly pine, tissues were collected at one, three &nd seven days after top-killing.
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Shortleaf pine Loblolly pine

Array slide

Figure 6. Array slides layout. The left side of #reay slides printed 1,018 cDNAs
originated from the shortleaf pine cDNA library, ahe right side printed 1,319 cDNA
from the loblolly pine cDNA library. In total, 2,337 cDNA clonesre obtained from
the cDNA libraries and printed on the array slides, and each cDNA spot had three

technical replications.
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Figure 7. Venn diagrams of the origin of differentially expsed genes, which show
at least a twdeld change in expression either during -hybridization or cros
hybridization. SLP indicates differentially expsesl genes coming from shortleaf p
cDNA library, and LLP indicates differentially exggsed genes coming from loblo

pine cDNA library.
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35

Number of genes

Figure 8. Functional categories of differentiallypeassed genes after top-killing
treatment. In this chart, functional groups and tlegpertion of genes in each group are
indicated under each column. Numbers of genes inichai functional groups are

shown above each column.
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ctt agat cgt gcagat acagt at t cacccaat ct ccccct cacagacaaatt acaatt ca
L RSCRYSI HPI SP S QTNYNS
acagagtt aat ct caggat t gcat gat gattt cagt cgtt ccaaggcat catcatcttca
T E LI S GL HDWDUFSRSIKAS S S S
gaacccat ct gggagaaagaagct gagagcagccccagaacggaaaat ccct cgcagaag
E PI WEKEAESSPRTENWPS QK
cagcaacaat catt attt aat at ggat ct ggaaggt ct acaaagttccttccctcatcta
Q QQSLFNMDLTEGLGI OSSTFTPHL
gaccaaatatcttttagcgat gcttat caagactggcttttactc

D QI SFSDAYOQDWL L L

Figure 9. Nucleotide and deduced amino acid seqserfcaLP1.

60

120
180
240

285

The deduced amino

acid sequences are shown below the second nucledteteh corresponding codon.
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gi[ 50910845 | norway_spruce APVONTAFNP IS INHOWTNCNSTDLHSGLHNDISCIKPISFIEPISEE 50

gi|2982275|black spruce APVONTTFNFE 1S53 INBOWTNCNS TOLNSGLENDSSCSEPSSFSEPTSER 50
gi|50910844| white spruce APVONTAFNE IS533 INBOWTNCNS TOLNSGLENDSSCSKPSSFSEP TSER 50
SLE1 LESCRYS IHF ISPS0--—-TNYNSTEL ISGLHDDFSRSKASSSSEP TVEE 46
prrhEE TE KEkakakEEE A F OEH KT FHREE AF
gi| 509108458 | norvay spruce EEV(QSSFRLENFSQEQQOSLFNFGLEGLONTF THLDQITFPGAYQDWF YR 100
gi|2982275|black spruce EEV(QSSFRLENFSQEQQOSLFNFGLEGLONTF THLDQITLPGAYQDWFYP 100
gi| 50910544 | white spruce EEVESSFRLENFSQEQQOSLFNFGLEGLONTF THLDQITFPGAYQDWFYP 100
SLE1 -EAESSPRTENPSOKOO0SLFNNDLEGLOSSFPHLDQISFSDATODWLLL 95
*.:1:* * F% **:*******:_*****_:*.**#*#::..'k#'k#'k:

Figure 10. Alignment of amino acid sequences of SLRA WAM proteins from
several tree species. Residues identical in all coadparoteins are marked by
asterisks, and residues showing similarity are denmyezblons and periods, with
colons meaning higher similarity. The GenBank acoessumbers assigned to the
seqguences analyzed are showing at the left sidg alth species name. The amino
acid sequences of SPL1 used in the alignments weltecdd from nucleotide

sequences.
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agcgt gt cgcggecgaggt act t gagcagt ct caagcaagaat tt ct t aagaagaaaagg 60
S VSRPRYUL S SL KQEFUL K K KR

Aaaggcaaact ccccaaggaagcaaggcaaaagt t gt t ggat t ggt ggaccagaaactat 120
K G K L P KEAROQKULULUIDWWTRNY

Aagt ggccat at cct t cggaaagt caaaagat agcat t ggcagaat ct accgggct ggat 180

K WPY P SE S QKI AL A ESTGTL D
Cagaagcaaat aaat aact ggt t t at aaat cagcgcaagcgacat t ggaaaccat ct gaa 240
Q K QI N NWFI NQRIKIRHWKP S E

CGagat gcagtt cgt ggt t at ggat agt cct aat cct cacaacgctgecttttttcctggag 300
E MQF VYV MDSUPNZPHNAATFTFL E
Cgacat ct caggacagat ggaactgcctttt caat ggatt gt 342
GHLRTWDGTATF S MDC

Figure 11. Nucleotide and deduced amino acid se@sepicSLP2. The deduced amino

acid sequences are shown below the second nucledteeh corresponding codon.

137



gi|556659505] loblolly pine
gi| 26023937 | norway_spruce
3LPZ

gi| 15220767 thale cress
gi| 114150002 | sovhean

gi|55669505] loblolly pine
gi| 26023937 | norway_spruce
SLPZ2

gi| 15220767 thale cress
gi| 114150002 | sovhean

gi|556653505] lokblolly pine
gi| 26023937 | norway_spruce
SLPZ

gi| 15220767 thale cress
gi| 114150002 | sovhean

LREYSGYLISLKQEF LEKEEKGELPEEARQELLD W TR YEWP YPSES QK
LRETSGYLISLEQEF LEKEEEGELPEEARQELLD U TR YEWPYPSES QK
SVERPRYLISLEQEFLEKERKGELPEEARQELLD W TR YEWPYPSES QK
LREYSGYLGILEQEF NEKEEKGELPEEARQOLLD WIS EHYEWP YPSEQOQK
LEEYRGYLGILEKQEF TEEREKGELFEEARQOLLEWTSEHYEWP TP SES QK

EE KEFFEL KE s F A A EERERF L K A K K KEEEATLL A

IALAESTGLDOQKQINNWF INQRKRHWEPSEENOFVWHD SPNPHNALFFLE
IALAESTGLDQEQINNWF INQRKRHWEFSEENOFVWVHD SFNPIINAAFFLE
IALAESTGLDQEQINNWF INQRKRHWEFSEEMOFVWNL SPNPHNALFFLE
LALAESTGLDOEQINNWF INOQRKRHWEPSEDHOFVVHD ATHPH--HYFHD
LALAESTGLDOKQINNWF INORKRHEWEPSEDHOF VWD PSHP—--HYVHE

I O e e e e i I R R HE

GHLRTDGTAFSHNDC 114
GHLRETDGTAFSMDC 114
GHLRETDGTAFSHDC 114
NVL-—--GNFFPMDH 109
NVL-—-GNFFFMDL 105

* o LR

Figure 12. Alignment of amino acid sequences of SLRR &TM proteins from

50
50
50
50
a0

100
100
100
=L
a7

diverse species. Residues identical in all comppretkins are marked by asterisks,

and residues showing similarity are denoted by coéomisperiods, with colons

meaning higher similarity. The GenBank accessionbamassigned to the sequences

analyzed are showing at the left side along with ggsecame. The amino acid

sequences of SPL2 used in the alignments were dediwraducleotide sequences.
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gi| 195624118 | corn TFYTEEDFRDFLEREGUTFLREYGGYRNVDSLDDLEPGVMTOGLESLGD

gi| 170271 | tobacco TFYTANDFRDFLSHEGUTCLREYNGYREVDMLDELCPGAVYREGYN————

SLP3 TLYTEEDFRDFLTRRGUSGLOEVGGFRAIDSLDDLREPLCVYQRAGLLGE

gi| 161789859 | =ovhean IFYTEDDFRODFLTRRGUICLEEFDSYRNIDNMDDLRPGAITRGVS ————

gi|306832596|thale cress IFYTEEDYREFLAROGUISL-OWVDGFRNIENMDDLOP GAVYRGVR--——
H R R O

49
45
49
45
44

Figure 13. Alignment of amino acid sequences of SLRB @T-I-like proteins from

diverse species. Residues identical in all comppretkins are marked by asterisks,
and residues showing similarity are denoted by coéomsperiods, with colons
meaning higher similarity. The GenBank accessionbamassigned to the sequences

analyzed are showing at the left side along with gsecame. The amino acid

sequences of SPL3 used in the alignments were dediorad loblolly pine EST

sequence (accession number: 148815838).
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gi|223527109 | castorseed LY 30GYGVNTAAL S TALFNINGLICGACFEIKCANDPEWCHIGSFSILITA 50

gi| 27464179 | sovbean LT3y GVNTAALS TALFNNGLACGACFEIKCDQDPRUWCHPGHNEIILITE S0
gi|4886515]| tomato LYSOGYGVNNGALS TALFNNGLICGACFEIKCDNYPQUCHPGSPSIFITE 50
gi| 121454275 China fir LY30GYGVOTAALSTALFNDGLICGACFEIKCVNDPEWCHPGSFIIFITE 50
SLP4 PVOPGIWSE3AALSTALFNIGLICGACFEIKCVNDPEWCHPGHPIILVTL 50
) L LTEEERETE AETEAEEEETELE 2 Kk WEEs o EE
gi| 223527109 | castorseed THFCPPNFALPNDNGGWCNFFRPHFDLANPHFLETAEYRAGIVEFVATRE 99
gi| 27464179 | sovbean THFCPPNF ALPNDNGGWCNFFRPHFDLANPHFLETAQYRAGIVEFVLYRE 99
gi|4866515] tomato THFCPPNFALPNDNGGWCNFFRPHFDLANPHFLHIAEYRAGIVEFVVYRE 99
gi| 121454275 China fir THFCPPHYALPNDNGGWCNFFRPHFDLENP IFLEF AEYRAGIVEFVLHRE 99
SLP4 THFCPPNYALPNDNGGWCNPFPRPHFDLENPIFLEMAEYRAGIVPVLFRE 99

e N P PR R T T 1]

Figure 14. Alignment of amino acid sequences of SiRH expansin-like proteins
from diverse species. Residues identical in all caegbaroteins are marked by
asterisks, and residues showing similarity are denmyezblons and periods, with
colons meaning higher similarity. The GenBank acoessumbers assigned to the
seguences analyzed are showing at the left sidg alth species name. The amino
acid sequences of SPL4 used in the alignments weltecdd from a loblolly pine EST

seguence (accession number: 67488878).
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gi| 2235485859 | castorbean
gi|224067693 |black cottonwood
gi| 229214330 banana

gi| 161015194 |coffin tree

SLPS

gi| 223548559 | castorbean
gi|224067693 |black cottonwood
gi| 229514530 banana

gi| 161019194 |coffin tree

SLPS

MNTGPGISTANRYTUEGYRVITS AAEASOF TVONF ISGNSWLPGTHNVERFT 50
MNTGPGIITANRVNTEGTRVITISTVASIQF TWGEF ISGNNTLFATNVEFT 30
MMRGPGEITANRVETPGYRVINSSAEASNF TVERF IEGDQUWLGSTSVEFT 50
MNTGPGAGTANEVNTPGYRVITIATEAIQF TVHNQF IEGDTULFITGVEYS 30
MNTGPGSATGNRVEWPGYRVIESSQEASEF TVGEF IQGNSWLOITDIDYI 30

wE KEEL K KEE K KEEEE K:  KE KA _KE_Kr KE K,z 1

PGL 53
AGL 53
LGL 53
3GL 53
DGL 53

*

Figure 15. Alignment of amino acid sequences of SLRB pectin-methylesterase-

like proteins from diverse species. Residues idahticall compared proteins are

marked by asterisks, and residues showing similargydenoted by colons and periods,

with colons meaning higher similarity. The GenBank&ession humbers assigned to

the sequences analyzed are showing at the left kidg with species name. The

amino acid sequences of SPL5 used in the alignmests eeeduced from nucleotide

sequence.
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gil224285077[sitka spruce
gil2317764| loblolly pine
ALPS

gil224285077[sitka spruce
gil2317764| loblolly pine
ALPS

gil2242535077|sitka_spruce
gi[2317764| loblolly pine
ILPS

gil2242535077|sitka_spruce
gi[2317764| loblolly pine
ILPS

MSMNOELLILAAMAGLLF ACAVVESRIARIDLGLDLGGGLGIGVGLGGGLG
MSKQELLIFAAMAGLLFACALVESRIARIDLGLDL GGGLGLGVGVGAGLG
NSNHELFLFAAMAGLVFSSATVESREVARINLGLDL GGGLGLGVGVGAGLG

TRz kT e HRFEEEL K X FEEE A FEE L AFFEEALAEEL AN FAE

LGGGE LGS GIGIGEGIGIGIGIGAGIGAGS AAGIGEGIGAGEGAGITAG
LGGGELAGEGIGIGEGIGEGIG—————— AGIALGIGIGIGAGIGAGITLG
LGGISGAGEARGIGEAIGEGIG—————— AG3IGEGIGIGIGAASGAGITLG
EEE K EET REEET REEEEE PEE kA EETEEE  AEEELELS
AGAGNGGGOGRGIGEGTGAGS —————————————— GHGNGI GGG GTG
AGAANGGGOGRGIGEGTEIGEGTGAGNGNGHNGYGAGEGYGAGN ANGI AT G
AGTGNGIGOGOGIGEGTGAGS —————————————— GHGEGALGHNGNG————
Tha KW EEEEEAEEEG A FF KawE
AGIGEGAGEG-—————- TEIGEGIGIGYGTEIGTGIGTGIGIGEG 174

AGIGEGAGEGIGIGRGTGIGIGTGIGYGIGIGIGTGNGIGIGIEG 188
———————————————— TEAGSGIGIGYGIGIGIGYGIGIGIGEG 154

EE L REK REFERAKEF K K FERAEHA

Figure 16. Alignment of amino acid sequences of SLRB eell wall like-proteins

from diverse species. Residues identical in all caegbaroteins are marked by

asterisks, and residues showing similarity are denoyezblons and periods, with

50
50
50

100
94
94

138
144
1za

colons meaning higher similarity. The GenBank acoessumbers assigned to the

seguences analyzed are showing at the left sidg alith species nhame. The amino

acid sequences of SLP8 used in the alignments weltecdd from a loblolly pine EST

seguence with the accession number of 68089089.
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yi|30633010|thale cress LEQNTATDAKINSUWDYGY QI TANGNRTV IVDHNNTUNIN THIATVGRANSS 50

gi|225457500]| grape LEQNTPPDARKVHSTWDYGYOQITANGNRTV IVDHNNTUNITTHIATVGRANSS 50
gi|224120506 | black cottonwood LEQHTPPDARKVHSTUDYGYOQITANGNRTV IVDHNNTUNN THIATVGRANSS 50
ZLP11 SALATPLLACVHSTUDYGYOQITANGNRTV IVDHNNTUNN THIATVGRANSS 50
R R AR A AR A A A A A AR AT E AT FE A A AT AATREAS
yi|30693010|thale cress YEDDAYD INRSLDVHNYVLVVF GGV TGYISDD INKFLUMVRIGGGYFPVIE 100
gi| 225457500 grape TEDEATEINRILDVDYVLVVE GGV TGYISDD INKFLWIVRIGGGYFFVIE 100
yi|224120506|black cottonwood YEDEAYEIMESLDVDYVLVVF GGV TGYISDD INKFLUMVREIGGGYFPVIE 100
ZLP11 YEHEAYEINOSLDVDHVLVVF GGV TGYISDD INKFLUMVRIGGGYFPVIE 100

FE R F A AR E R E I F AR T AT FAFFAFAENRTFASNS

oi| 30693010  thale cress EPDTLVNGE 109
gi|225457500| grape EPDTLVNGE 109
i) 224120506 | black _cottonwood EFDYLYNGE 109
SLP11 EADTLVNGE 109

FoEFETEES

Figure 17. Alignment of amino acid sequences of SLRitl STT3B-like proteins
from diverse species. Residues identical in all cosgaroteins are marked by
asterisks, and residues showing similarity are denoyexblons and periods, with
colons meaning higher similarity. The GenBank acoessumbers assigned to the
sequences analyzed are showing at the left sidg alith species name. The amino
acid sequences of SPL11 used in the alignments werecdée from nucleotide

sequences.
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gi| 87240860 | barrel clover EHVGGDMFETVPEADATIFMEVILHDUSDEQCLELLENCYDAIPD-DGEVI 49
gi| 152359571 | thale cress EHVGGDHFVSVPEGDAIFHEWICHDUSDEHCVEFLENCYESLPE-DSEVI 49
gi|1777386| loblolly pine OHVGGDHFETVPTADAIFHEWINHDWHNDEDC IEILENCREAIPD-TSEVI 49
gi| 224103575 |black cottonwood SHVAGNNFEAIPMADAIF IOQRILHDWIDESCVEILENCEKAIFPEETGELI S0
LLF1 QHMTGNLFESTPSADAIFMENFLHESUNDEDCIELLNNCHQALPD-EGELT 49
LFDOFIrF o R FEEE L R R EW ORLLIELEE R TELE
gi| 87240560 | barrel clover VLEAVLEIIPENNAANE-——————- FRADSDVLMMTOQIPGGEERTEQEFHN 51
gi|15235571 | thale cress LAECILPETPDSSLETE-——————— OVWHVDCIMLAHNPGSEERTEKEFE 91
gi|1777386| loblolly pine IVDVVLDADQGDNTDEEREEAVDP IVGTWFDLVIVAHISGGEERTEKEWE 99
gi| 224103575 |black cottonwood IVDIVLPTD——-DHCDO————— FLDIR-MVHDLVMFALTTGSEERTEQEWE 92
LLF1 L3EAILDLTEGSDMIGP————————— ADVLDSLMLDCLPGGGERTREERWN S0
=% * o= % *hE OEFES - .

gi| 87240560 | barrel clover

gi| 15235571 | thale_cress
gi|17773586| loblolly pine
gi|224103575|black cottonwood
LLP1

DLANGAGFSGIRYE 105
ALAKLIGFEGIEVY 105
RILLEGGFSRYMNII 113
KLLEEGGFSRYKII 106
ITIEQPYVFLSKIEN 104

*

Figure 18. Alignment of amino acid sequences of LL#th @-methyltransferase-like
proteins from diverse species. Residues identical ikoalpared proteins are marked
by asterisks, and residues showing similarity aretkrl by colons and periods, with
colons meaning higher similarity. The GenBank acoessumbers assigned to the

seguences analyzed are showing at the left sidg alth species name. The amino

acid sequences of LLP1 used in the alignments wateage from nucleotide

seqguences.
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3LP13 TTWSMNETQLCYDCHA CKAGVL ANLEHDWREVAVVITIVHLIFLIIVY3WVG 50

gi| 79592093 | thale cress OTWDNAREELCFDCQICKLAGLLDNVES ANKEVAIVINIVFLVFLIIVYSVG 50
gi|171921057 | wild cabbage GAWINVOTELCFNCHACKAGVLANIREEWENLL IFNVCLIVLLITVYSCG S0
yi|224130182 |black cottonwood LANSNROD TLCFNCES CRAL YW TIREQUGOLATANACF IAFTVIFY3SIG S50
L L T - - -
SLP13 CCAFRNNRSDNAYGEGYL 68
gi| 79592093 | thale cress CCAFRNNERDDIYSRTYG 68
gi|171921057 | wild cabbage CCAHFNNERHMARKSGFETH 68
gi|224130182 |black_cottonwood CCARSNNQODSHHRYRGY 63
wEE TH

Figure 19. Alignment of amino acid sequences of SLRilI3 TET8-like proteins from
diverse species. Residues identical in all comppreteins are marked by asterisks,
and residues showing similarity are denoted by coémkperiods, with colons

meaning higher similarity. The GenBank accessionbamassigned to the sequences
analyzed are showing at the left side along with ggsecame. The amino acid

sequences of SPL13 used in the alignments were ddduam nucleotide sequences.
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3LF15 FTIVINCHCOIGRMNNALEVFEEMEAOGHVEPNI 33

ogi| 33744055 | rice FHN3IIDSHCKEGEVIESEKLFELMVERIGVEFNY 33

¥i|15218284 | thale_cress ¥MHLIDAYCKLGEIDDGFALKEEMEREGIVEDYV 33

gi| 224123734 |black cottonwood TTTLIDAYCEDGEMEDAFALYINMMIDRGIFPEY 33
s F e ek Kaw o oow PR * HTew

Figure 20. Alignment of amino acid sequences of SLRitl PPR motif from diverse
species. Residues identical in all compared prstaie marked by asterisks, and
residues showing similarity are denoted by colords@ariods, with colons meaning
higher similarity. The GenBank accession numbergasd to the sequences analyzed
are showing at the left side along with species nafi® amino acid sequences of

SPL15 used in the alignments were deduced from nudésequences.
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gi|223550340| castorhean QNWOWLEYGVELDGDGLGYEVTFDLLGEVVEDEMARIEREVGKEKFEEGH 50

gi|224136065 | black cottonwvood QHWOWLETGVELDGIGLGVEVNNDLF GEVVEEEMARIEREVGKEEFERGH 50
gi|90265259 | rice QHWOWLRHGAVLDAGGVEVRATFELLARVVEEEMARVEAEVAERFRRGR S0
3LP17 QMWW IHYEVVLDGEVVPVEVTRELVGRILAEEMARIEREVGTEEFEGGR 50
FEREER L, FE - - R
gi]223550340| castorhean TEEACENFVRQCAAPTLDDFLTLDAYNNIVIHYP-KG33-RL 20
gi|224136065|black cottonwood TEEACKIFARQCTAPTLDDFLTLINAYDNIVIHHP-HGSSSRL 51
gi|90265259 | rice TAEAGRIFSRQCTAPELDDFLTLDAYNL IVVHHPGASSPCEL 52
3LP17 TEELAKNFGROCTAPSLDDFLTLDVYTIILOFHPTPWASARI 92
TORT gk EEREL AT RAEFXRLEE W w0 H

Figure 21. Alignment of amino acid sequences of SLRitlY malate synthase from
diverse species. Residues identical in all comppareteins are marked by asterisks,
and residues showing similarity are denoted by coémkperiods, with colons

meaning higher similarity. The GenBank accessionbamassigned to the sequences
analyzed are showing at the left side along with ggecame. The amino acid

sequences of SPL17 used in the alignments were ddduamm nucleotide sequences.
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gil|226502865 | corn HPVLAVWWIPRLETNOLEWSF TCAFEAROILIVRGLFFHLADPRHPAES—— 48

gi|92870921 | harrel clowver HPVLAVWWIPRLETNOLETIF3GAFEAROILIVRGLFFHLADPRHPAEIET S0
gil| 2235260980 | castorhean HPW ISV IPRLETNOLRUTF TCAFEAROILIVRGLFFHLADPRHPAES—— 48
SLP18 HPVLEVVIPRLTTHNOLRWIF TGAFQAROTLVVREGLFFHLADPEHFAES—— 45

A AT AR AT AAN F AT TTAATIITTRANNNNN

gi|l2265025665|corn TSATHNESVLEVALDHGKASGVIKSHDEWWWCQENVGDISVVEITIELDD 95
gi|92870921 | harrel clowver TTASNES ILEVALDHGKALGVIKSHDEVWWCQELGDASVVEITELED 97
gil|223526090| castorhean THATHNESVLEVALDHGKAIGVIKPHDREVWWF QENVGDISVVEILELED 95
SLP15 INATHESVLETALDHGETVGLIKPHDRIVVCOETIGDSAVVEILELED 25

LErEEE R E EEEEEE . Ko FF _ KEF KL KA EE s EEEH ALK

Figure 22. Alignment of amino acid sequences of SLRill8 pyruvate kinase from
diverse species. Residues identical in all comppretkins are marked by asterisks,
and residues showing similarity are denoted by coéomisperiods, with colons

meaning higher similarity. The GenBank accessionbamassigned to the sequences
analyzed are showing at the left side along with gsecame. The amino acid

sequences of SPL18 used in the alignments were dddumm nucleotide sequences.
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gi|223534389 | castorseed
gi|226502756| corn

gi| 4827251 tobacco
3LFP19

gi|223534389 | castorsead
gi|226502756 | corn
gi|4827251 | tobacco
SLP19

Figure 23. Alignment of amino acid sequences of SLRilI® fructose-bisphosphate
aldolase from diverse species. Residues identicdl aompared proteins are marked
by asterisks, and residues showing similarity aretkxl by colons and periods, with
colons meaning higher similarity. The GenBank acoessumbers assigned to the

seguences analyzed are showing at the left sidg alth species name. The amino

NPUHVEFAVARALONSVLETWOGHPENVE AAQKALLVRAKANSL AQLGEY 50
NPUHVEF 3 VWRALONSVLETWOGRPENVE AAQKALLVRAKANSLAQLGRY 50
NPWHVIFSTARALONTCLETWGGRPENVQAAQEALL TRANANSLAQLGEY 50
QGGACFLLYARALONTILETWEGLPENVEAAQRALL IRAKANSLAQLGRY 50

s R EEEAEL; KEAE X KEEEFAET FEF L FF AT AEEEEN X

SAEGENEEALFEGHFVEGYTY 70
TGEGEIDDAKEGHFQEGYTY 70
TGEGEIEEAKEGHNFVEGTVY 70
SAEGEZEESEEGHFVEGYTY 70

PLEEE rr e wEELE AEE

acid sequences of SPL19 used in the alignments werecdéd from nucleotide

seqguences.
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gi| 8918504 | common_wheat IPEAYERLILDTIRGDOOHFVERDELEAATMOIFTPLLED IDAGELEAVIT 50

gi|5732195|thale cress IPEAYERLILDTIRGDOOHFVERDELEAATEIFTPLLEHRIDEGEVESVPY 50
gi|3021510] tobaceo IPEAYERLILDTIRGDOOQHFVERDELEAAVEIFTPLLERIDDGEVEPIPY 50
gi|5§9214190| Mongolian poplar IPEAYERLILDTIRGDOOHFVRRDELEAAVEIFTPLLERIDNGELEFEET 50
SLP=0 IPEAYERLILDTIRGDQOHFVRRDELEVATEIF TPLLNEIDNGEIREFYTY 50
AR R TR R R R R R EE L AR TR L AL PR S
gi| 8918504 | common_wheat EPGARGPEEADELIEEVGYMOTHSYIWIPPTLA-— 53
gi|5732195|thale _cress EQGARGPAEADOLLEEKAGYMOTHSYIWIPPTL-—— 52
gi|3021510] tobaceo FPGERGPAEADELLONVGYVQTHGYICIPPTL-—- 82
gi|5§9214190| Mongolian poplar QP GIRGPVEADELLAKAGYVQTHGYIVIFFTL-—-- 82
SLP=0 TPGIRGPHNEADELAARVGYEQTHGYIVIFPILOTD S5
TEEEE KWMLK BE RRTEET KTE X

Figure 24. Alignment of amino acid sequences of SLRIP0 glucose-6-phosphate 1-
dehydrogenase from diverse species. Residuesddéimtiall compared proteins are
marked by asterisks, and residues showing similargydenoted by colons and periods,
with colons meaning higher similarity. The GenBank&ession humbers assigned to
the sequences analyzed are showing at the left kidg with species name. The
amino acid sequences of SPL20 used in the alignmeares deduced from a loblolly

pine EST (accession number: 34350332).
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atattct gt ggttctctgct gcct gcat caaact ggaaggeccat at t gcaaaacgagca 60
I FCGSLL PASNMWKAMHI A KRA
att gaact t gcagaacggagat t at ct aaagat ggat ggcct gaat act at gat ggt aaa 120
I EL AAE RRL S KD GWZPEY Y D G K
ctt ggaagat acat t ggaaagcaagct cggaaat t t cagacat ggt ct gt t gct ggct at 180
L GRYI GKQARIKFQQTWSVAGY
ct ggt agct aagat gat gct t gaagat ccat cccact t aggt at gat at cact t gaggaa 240
L VAKMMLETIDUWPSHLGMI S L E E
gacaagaagat aaagccgccact caccagat cacat t cct ggacat gt 288
DK K1 KPWPLTRSHSWT  C

Figure 25. Nucleotide and deduced amino acid se@senicSLP21. The deduced
amino acid sequences are shown below the second tideleb each corresponding

codon.
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yi|51587334| wild legume LWLV TAACIKTGRPQIARRAIEL AESRLLEDGUPEYYDGELGRTVGEQLR 50

gi| 146395463 | tomato LWLLTARATETGRPOIARRATELAESRLLEDSWFEYYDGELGRF IGEQAR 50
gi| 54112232 | rice LWLLTAACIKTGRPQIARRAIDLAERRLLEDGUPEYYDGELGRYVGEQLR 50
gi| 226504262 | corn LWLLTARCTIETGRLETARRATDLAEARLARDGWFEYYDGELGRYIGEQAR 50

2LP21 IFCGSLLPARNWEAHTIAKRAIEL AERRLEKDGWPEY YD GELGRY IGKQAR. 50

PEFLAFF T A HAF o F FHEAAATAERANT W HFAFA

Fi|51587334| wild legume ETOTWSIAGYLVAKNNLEDPSHLGHISLEEDEQHEFVIERISIWTC 26

gi| 146395463 | tomata EFQTUSIAGYLVARMNLEDPSHLGHISLEEDEQMEPTHERIASWTC 96

gi| 34112232 | rice EFQTWSIAGYLVAKNNLEDPSHLGHISLEEDEANEFVLERIASWTN 26

gi|226504262 | carn ELOTWSIAGYLVAKNNVEDPSHLGHISLEEEKPTEFVLRRIASUTG 96

aLPz1 EFQTUSVAGYLVAKNNLEDPSHLGHISLEEDEEIKFPLTRIHIWTC 26
L B I O O o O e TEor WE OFEW

Figure 26. Alignment of amino acid sequences of SLWi#1 invertase from diverse
species. Residues identical in all compared prstaie marked by asterisks, and
residues showing similarity are denoted by colords@ariods, with colons meaning
higher similarity. The GenBank accession numberigasd to the sequences analyzed
are showing at the left side along with species nafi® amino acid sequences of

SPL21 used in the alignments were deduced from ntidéesequences.
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at gaaagaagt t gcaaggcgaggaaat at acct t t aacaggt gaaaat gcaat t gaacgc 60
M K EV ARIRGNI PLTGENAI ER
tttgat aaggaggctttctct caaatt gt gagaaat gcttacaatcgtcctcaagatgtg 120
F DK EAFSQI VRNAYNIRUPAOQDYV
agagcctttacgtatttccgaat gagggaggcact gtt caggact gat aattggaaatca 180
R A FTYFRMREALTFRTWDNWK S
ttcgtgaactttgttaagcagaag 204
F V N F V K Q K

Figure 27. Nucleotide and deduced amino acid se@senicSLP22. The deduced
amino acid sequences are shown below the second tideleb each corresponding

codon.
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gi| 22926105893 |barley

gi| 195615574 | corn

gi| 59665405 | sovbean
SLP22

gi| 79537398 | thale _cress

gi| 229610393 |barley

gi| 195615574 | corn

gi| 596684038 | sovhbean
SLP22

gi| 79537395 thale cress

Figure 28. Alignment of amino acid sequences of SLWiB2 invertase from diverse
species. Residues identical in all compared prstaie marked by asterisks, and
residues showing similarity are denoted by colords@ariods, with colons meaning
higher similarity. The GenBank accession numbergasd to the sequences analyzed

are showing at the left side along with species nafi® amino acid sequences of

VANAAKEDAGYGLAGENALFRYDETAHDCWIATAAEEAEEDRMVAF TYLREN
VALAAREAGVGLAGENALFRYDD TAHD VWV ATAADEAAEDEMVAF TYLREM
VEMATTTARAEL AGENALERYDADAYACWLATEEIESGEG-LALAFTYLREN
HNEEVARRGNIPLTGENAIERFDEEAFSQIVENATNE-FQD-VEAFTYFRH
IHDVSEENT IHV TGRN TEERFDEMGLEQIRENCVOPNGD T-LREFTFCRHE

HHEH FLE O L PR . HE

GPDLFOQPDNURRFAAFVERM 70
GPDLFQPDNURRFARFVERM 70
NERLFEADNURHLVDFVESMN 69
REALFRTDNUESFVNFVEQE 68
NEEIFEVENUNNFVPFIEQMN 69

H

SPL22 used in the alignments were deduced from nudéesequences.
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at gaaaaat caagaggct gt t gat t t ggt t agaaaaat caaggaccct caggt ggcagcc 60

M K NQEAVDULVRIKI KDZPOQVAA
aagt gt ct gact gaaaat gcagt t gcaagaaagagcaaagat gatatttcatgcattgtt 120
K C L TENAVARIKSIKUDUDI S C 1 V
gtgcgtttccagcat 135

V R F Q H
Figure 29. Nucleotide and deduced amino acid se@senicSLP24. The deduced
amino acid sequences are shown below the second tideleb each corresponding

codon.
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3LPE4 MENQEAVDLWREIEDPOVALECLTENAVARESEDD ISCIVVRFQH 45

gi| 51969968 | thale cress MENQEAVDLIKSIKDPOAALKELIEEAVIKQITDDISCIVVEF Q- 44
gil115460446|rice MENQEAVDLVESIKDPOAALKRLTTEALARKSEDDISCIVIEFRC 45
gi| 2235463592 |castorbean MCNQEAVDLVEP IKDPOALLKRLTTEALARKSEDDISCIVIEFG- 44
gi|124361192 |barrel clover MANQEAVD TAREVEDPLELLKQLTAEALKRESEDDISCVVWEFE- 44
ToREEEEE. 1 s FEE  FEE T ke woF EEEETr kAT

Figure 30. Alignment of amino acid sequences of SLWig4 protein phosphatase 2C
(PP2C) from diverse species. Residues identical icoatpared proteins are marked
by asterisks, and residues showing similarity aretk by colons and periods, with
colons meaning higher similarity. The GenBank acoessumbers assigned to the
sequences analyzed are showing at the left sidg alith species name. The amino
acid sequences of SPL24 used in the alignments werecdée from nucleotide

sequences.
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at ggagggt t t caat t ggt gt cagggcaacaat gtt gt t acagttttt agcgcaccgaat 60
M E GFNWCOQGNNVV TV F S AUPN
t att gct at aggt gt ggt aat at ggcagct at aat ggagat t agt gagact at ggagcaa 120

Y C YR CGNMAAI MEI S ETME Q
aacttcattcaatttgagccagcacccaggcaaatt gaacct gat at gacacgcaagaca 180
NFI QF EPAPRO QI EPDMMTRKT
cctgattattttttg 195

P DY F L

Figure 31. Nucleotide and deduced amino acid se@senicSLP25. The deduced
amino acid sequences are shown below the second tideleb each corresponding

codon.
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gi] 195639542 | corn HEGFNUCODEIV Y TVF ZAPNYCYRCGHNMAATLE IGENMDONFLOFDPAPE 50

gi] 1213052 | rice HEGFNWCODEIV Y TVF SAPNYTCYRCGHNEALATLE IGENNDONFLOQFDPAPE S0
gi] 152158524 | thale cress HEGFNWCODEIV YW TVF ZAPNYCYRCGHNMAATLEIGENMECHNFLOFDPAPE 50
gi| 34398261 | tomato HEGFNUC ODEV Y TVF SAPNYCYRCGHMAATLE ISENMECHNFLOFDPAPE 50
SLPZ5 HEGFNWC oGV TVF SAPNTCYRCGNNAATIME ISETNEQNF IQFEPAFE 50

N e A R N R

gi] 195639542 | corn QIEPDMTRETFDY¥FL 65
gi] 1213052 | rice QIDPDTTRETFDYFL 65
i 15218524 | thale cress OVEPDTTRETFDY¥FL 65
gi| 34398261 | comato QIEPDTTRETFDYFL 65
ILPZS QIEPDMTRETFDYFL &5

FoEE FEEEREEEF

Figure 32. Alignment of amino acid sequences of SL®i#h the catalytic subunit of
protein phosphatase 2A (PP2A) from diverse spediesidues identical in all
compared proteins are marked by asterisks, anduesishowing similarity are denoted
by colons and periods, with colons meaning higher aniy. The GenBank accession
numbers assigned to the sequences analyzed are ghawihe left side along with
species name. The amino acid sequences of SPL25ruexlalignments were

deduced from nucleotide sequences.

158



gi| 225469010 | grape TRYEIISGVARGILYLHEDSELEVIHRD IKASNVLLDNEMNP-KEIZDFGY 49

gi|2911080|thale_cress KRYNIIVGVIRGLLYLHEGSEFPIIHRDLESSNVLLDEQHNLP-KISDFGHM 49
gi|226531312 | corn ORYRITWNGIARGLOYLHEDSOLEWVHRDLEASNILLDVEMNP-KISDFGL 49
SLP_LLP1 THTILILGWVGGLALVFMACLFATGER-LEKSTTFGEGYEDEENRATDFDG 49
HE *: Hs . HE - - .o -
gi| 225469010 | grape LRMFDVDOTRANTHNRIVGTYGYHSPEYANOGOF SVESDVFSFGVLLLEIV 929
gi|2911050| thale_cress LROFDFDNTOAVTREVVGTYGYMAPEYAMHGRFSVETDVYSFGVLVLEIT 92
gi|226531312 | corn ARIFGRDOTQAVTSRVVGTYGYLAPEYLMRCGNVSVESDAFSFGUVMVLEIY 99
5LP_LLF1 HMVFEMETLRGATH-IFHDDWNELGEE-——--GFGPVWYEDPTEPAFVTSPVS 94
* - . +* . - +* * * * - -

Figure 33. Alignment of amino acid sequences of SILFP 1 with receptor kinase-like
proteins from diverse species. Residues identical ikoalpared proteins are marked
by asterisks, and residues showing similarity aretk by colons and periods, with
colons meaning higher similarity. The GenBank acoessumbers assigned to the
sequences analyzed are showing at the left sidg alith species name. The amino
acid sequences of SLP_LLP1 used in the alignments deduced from nucleotide

sequences.
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ct ggggaggagggcacgggat t cgagat cccagaagggcat t agggt t t ggct t ggaaca 60

L GRRARUDJ SRSOQKGI RV WL GT
tttaacact gcggaagaggccgcecaaggcegt at gat gcagaggct aaaaagat cagagge 120
F NT AE E A A KAY DA AEAIKIKI R G

aagaaagccaagct t aactt t gct gat ggct cct get ct gt aaaagaggacagt cgcaac 180
K K A KL NFADUGS ST CSVKEUDS SR RN

aaaat gt caaggaagaaagt aaagt cct gt gccaaaaaccctgatttattattggetttg 240
K MS R KKV K SCAIKNWPUDULLL AL

aat at aaagagt aaggt aaaat ctt cat at t caccaaagcct gattt at t agaggatt gc 300

NIl KS KV K SSY SPKUPDULL E DC
t at ct t caaat ggaacgct cttt gaaggat gt ccgcagat ccgat cttt caat ct at ggc 360
YL QMERSLI KDV RRSIDLSI Y G
t acgat gat at ggagt acct cggccgcgacaccgct 396

Y bbME Y L GRDT A

Figure 34. Nucleotide and deduced amino acid se@senicSLP34. The deduced
amino acid sequences are shown below the second tideleb each corresponding

codon.
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gi| 24817250 chickpea OYRGIRQRPUGETARE IRDPEEGVEVILGTFNTAEEAARAYDAEARRIRG 50

gi] 188032206 sovhean QYRGIRORPUGETAAE IRDPREGVEVITLGTFNTAEEAARATYDAEARRIRG S0
gil224119670|black cottonwood QYRGIRORPWGETAAE TRDPREGVEVITLGTFNTAEEAARAYDAEARRIRG 50
gil226499014 | corn QYRGIRQRPUGEVAAE IRDPQEGVRVITLGTFNSPEEALARAYDAEARRIRG 50
SLP34 LYRGIRORPUGETAAEIRDPREGIRVILGTFNTAEEAAKATYTDAELKKIRG S50

FEE AR RE AR BB S SR T KA AAREEE Ky KA A E  Fhrrrd g s hEHE

gi| 24817250 | chickpea KKLEVNFPE 59
gi| 1880359906 soyhean KKLEVNFPE 59
11224119670 | black cottonwood KKLEWVNFPD 59
gi| 226499014 | corn KKLEVNFPD 59
SLP34 KKLELNFALD 59

EEEE L EE _w

Figure 35. Alignment of amino acid sequences of SLRiB4 the DNA binding
domain of AP2/ERF from diverse species. Residuestidal in all compared proteins
are marked by asterisks, and residues showing sitgiene denoted by colons and
periods, with colons meaning higher similarity. ThenBank accession numbers
assigned to the sequences analyzed are showinglaftteele along with species
name. The amino acid sequences of SLP34 used aligmments were deduced from

nucleotide sequences.
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at gt t ggat aagat at gggat gacact ct t ggcggcccgcagccagacaagggect cagg 60

ML DKI1I WDWDTUL GOGWPQPDIKGTL R

aggct t cgcaat aat t caggcaaat t gcaggt gagcccagt agat at t gacgagat gaat 120
R L RNNSGIKULOQV S PV DI DEMN

ct aaaagaagggagt gggggaat t cgt gt gat t ggaaagccgcagaaat t cgcttttcaa 180
L K EGS GGI RVI GKUP QK F A F Q

cgct cgt t at ccct ggaaaat agccccccat ct t caccaact gcagect cttcctcatce 240
R S L SL ENSWPWPSSPTAASS S S
gcttcct ct act ccacgagat cgggagaat gt at ggagaagt gt gt t caat ccggggagt 300
A S S TPRDIRENVWRSV FNUZP G S
aat at caat t ccaagacaat t gggt ct gcaaaat t cgacaaaccagaaccacagagccct 360
NI NS K TI GS A KFDIKWPEWPOQSP
acggt gt at gact ggct ct acagt ggagagact aaat ccaaat ggcgt 408
T VY DWL Y S G ETK S K WR

Figure 36. Nucleotide and deduced amino acid se@senicSLP35. The deduced
amino acid sequences are shown below the second tideleb each corresponding

codon.
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gi| 158564566 tree peony LLDELWDDVLAGPQPERGLGELE—-———- EITTEFIDVEV--EGSKL-—- 32
gi|45735252 | solanum virginianu LIDELWDDVHAGPSPDEGLGELRE—————- ESLTVOTAGEISGEGSIK-——- 21
gi|ll2367470|citrus MLEELWDDVVAGFQPDRGLGELE——-———- EITTTPLLAVEEVFELEISS—- 42
gi| 56606540 | bonnet _bellflower LIDELWDDVAAGPQPDHGLAQLE—-———- FEVFVTPPEVVTG-EGSGGE——- 21
gi|l195612466|corn MLDELWDDVVAGFRPETGLEELRE—————- ELTTARPLVINEDADGGS——— 21
SLP335 MLDEIWDDTLGGPQPDEGLERLENNIGELQVIPVD IDEMLEEGIGGIRY S0
:::::XT‘K .W‘K W: TE :'KW H
gi|158564566| tree peony TORSLSMPASPGTPVIPLTPTAGSIPISVGSPISVREDNVIIRS 51
gi|45738252 | solanum_virginianu TORSLEMPASPATPGTPVTPTNIZP ——————- TVEEENVWERS 76
gi| 119367470 | citrus GEFORSLEMPASPGAPSTPVTPT--TP—————- LSARKEDNVIIRS 75
gi| 56606540 | bonnet_bellflower  -—-—-——- FFORILEM3L——ATPETPGTPTTPEP——————- TALRKDNVWERS 75
gi|19561z466|cormn ———————— YERLOSTPETPTTRVTPAE3E38TT——————- FPRGLGINVIERS V&
3LP35 IGKPOKFAFORELELENSFPESPTALEEES AR —————— TPEDEENVIRE 94
ciEe ® . PR wEEEE

yi| 158564566 tree peony
yi|45738252 | solanum virginianu
gi| 119367470 | citrus
gi|56606540 | bonnet_bellflower
gi|195612466|corn

SLP35

VFNPGSNLATRGIGINVFDEP-QFNIPTVYDWLYSGDTRIKHE 123
VFHPGSNLATERIGAEVFDEPSHFNAP TVYDWLYSGNTRESIKHE 119
VFHPGONLATRGIGLAEVFDEPTHPNIPTVYDWLYSGETRIKHE 121
VFNPGOSNLATEGLGIALFDEP-EFNIPTVYDWLYSGETRIKHE 117
VFHPGONLATEGHGANLFDRP-QPNIPTVYDWLYSDETRSNHE 118
VFNPGENINSETIGSAKFDEF-EFQSPTVYDWLTIGETESEWR 136

BEpERELy pr o1Fr FERIE _Fr i REREEREAE 1 ErE:

Figure 37. Alignment of amino acid sequences of SLRiIB% auxin-repressed protein
from diverse species. Residues identical in all cosgaroteins are marked by
asterisks, and residues showing similarity are denoyezblons and periods, with
colons meaning higher similarity. The GenBank acoessumbers assigned to the
seguences analyzed are showing at the left sidg alth species name. The amino
acid sequences of SLP35 used in the alignments wetecdéd from nucleotide

sequences.
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SLP3Y
gi| 2224892 | squash

SLP37Y
gi| 2224892 | squash

SLP37Y
gi| 2224892 | squash

Figure 38. Alignment of amino acid sequences of SLRIBT gibberellin 7-oxidase

from squash. Residues identical in all compared protere marked by asterisks, and
residues showing similarity are denoted by colords@ariods, with colons meaning
higher similarity. The GenBank accession numberigasd to the sequences analyzed

are showing at the left side along with species nafi® amino acid sequences of

RCDOVGIHGLOCVSPCRUD S YENLY YW TDFAACHAFPEDLFQLELVIEELLVFLARTVEF 60
KPGAPLLAGFNECETNCWDENEYVLVFPPGIEFNITPOQEPPOQFEETLEENFLELSDVILY 60

HEELH L e - S -

IESLISQSLGLPANFLEEFNGDGIEAFEVLCYPEARSQEEEVGARLAHODISCITIVGQADG 120
IESILNVCLGLPPGFLEQFNNDREIWDFMTNLYY TP LADVGENGL IHHEDANCITLVIQDD 120

TERE e EEET | _AETET X L * .ot * % TaE FEEE OEE

3GG 123
AGG 123

:‘k‘k

SLP37 used in the alignments were deduced from nudéesequences.
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gi| 121755802 | upland cotton
gi| 224116326 |black cottonwood
gi| 53830379 | ginkgo

SLP38

gi| 121755802 | upland cotton
gi| 224116326 |black cottonwood
gi| 53830379 | ginkgo

ILP3S

gi]| 121755802 | upland cotton
gi|224116326|black cottonwood
gi| 53830379 ginkgo

SLP3G

gi| 121755803 | upland cotton
gi|224116326|black cottonwood
gi| 53830379 ginkogo

SLP3S

Figure 39. Alignment of amino acid sequences of SLRiIB8 anthocyanidin reductase

VLTSS AAAYITNTLDGTDLYMTEREDWTD IEFLESAKPPTUGYPASKETLA
VILTS A AT TNELNGTGLYMDEFNWTDVEFLTREEPPTUGYPASETL A
T TS AATVS INN S SEQNOY IDESCWTDWVNF LTS OEPPGUAYPVSETL A
KIVETAGEWIPPH-——-—-—-——————————————— OEPPAWAYGVAETLA

.o* TEE KX g EEEE

EFAAWEFAEEMN-IDLITVIPELMTGPELTPIVPES IGLATILISGHNEFL
EFAAWEFAEEMN-TIDLITVIPELMTGPEFTPHIPDS INLAMILITGHNEFL
EQAALEYAEEH:-LDVVTVIPVLYVYGPAVTP TVPESVELALSLITGDEFE
EQAALOYGKEDAGL DV TINPVLYVLGIAITPIVPYTIEITLILL TGN

FrEE oo F, E R T R A O

INALKGHONL G IS ITHVEDVCRAIVFLAEKES ASGRY ICSAVINTSVEE
INGLEGHONLIGS IS ITHVEDVCRAHNIFLAEKES ASGRY ICCGVIITSVVE
HGALKEGHOFVIGI IS LVHIDDVC S AQIFLHEKPSAQGRYICFPVIITGIPQ
VEALKGTOTIVGGISLVEVDDVCSAHIFLNENPSAEGRYICSATINISVEQ

LFEFE K g E _ Fhr K REF FraRE Ky KE EEEEF P

LAKFLNEEYFDFEVWVPTDF 167
LAKFLNERYPQYOVPTDC 167
LAEFLSERYPQYEVPTEF 167
LADYTLSERYPOQYLGRDTL 146

wE g W EEFE L -

50
50
50
=28

=1=]
=1=]
=1=]
73

1459
1459
1459
1za

from diverse species. Residues identical in all cosgaroteins are marked by

asterisks, and residues showing similarity are denoyexblons and periods, with

colons meaning higher similarity. The GenBank acoessumbers assigned to the

sequences analyzed are showing at the left sidg alith species name. The amino

acid sequences of SLP38 used in the alignments werecdée from nucleotide

sequences.
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gi| 78099745 | common_ wheat L3TEFNVREETVHNWRDYLELHCHPLEEFVPDWPSNPETFEEIISTYCRE S0

gi|223534138 | castorhean YGTSLNHSEDEVHFURDF IEHYSHPLPEWVHLWP ANPPGYREEMGIYATAL 50

LLP3 TGASFTS-EETVFIWHDYLEHHRYPLEDYIDPRPAKPAAYRELASKEYCTE 49
L T AR FraohoornE o L0F,

gi| 78099745 | common_wheat VELLGLRELLGAISLGLGLEEDYIENVLGEQEQHMAVIYYPRCPERD 56

gi|2235341538 | castorhean LML OEQLMEVVLESLGLNPNYLENE IKEGSHVHAINCYPACPEPE 96

LLP3 AR e e ARQGAKEYGAYNEEHNRE 69

. " HE

Figure 40. Alignment of amino acid sequences of LLR& flavanone 3-hydroxylase
like proteins from two other species. Residues idahtn all compared proteins are
marked by asterisks, and residues showing similargydenoted by colons and periods,
with colons meaning higher similarity. The GenBank&ession numbers assigned to
the sequences analyzed are showing at the left kKidg with species name. The
amino acid sequences of LLP3 used in the alignments deduced from nucleotide

sequences.
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gi| 22329737 | thale_cress TELFELGAVHMLEREFYPALANKEFLOQOATOQEWDGDDODL AQVTNALGYIYTVYER 50
gi| 7870S7E7 | rice TEYFELGAVHMLRREFYPALATEYLOQOATQEWNDRDEQDL AQVYMNALGUYIYTER 50
SLP3S9 VEYFELGAVHMLREEEF YPLAAEYLEQATAKWEGDVODLACOVHNALGFIYTAS 50

LF O EEFREEEFAE D RAEL K K EIREE FEp F KAEAEAFEEE | FHE

gi| 22325737 | thale_cress EDKLDEGIAQFEMAVELOPGYVTAWNNLGDAYEKKKELPLALNAFEEVLL 100

gi| 78708787 | rice DNELDESIQOFEEAVELOQPGYVTAWNNLGDAYEQEKEDLESALEAFEEVLL 100

ILP39 DGKLDEGITHHEKAVELOPGYVTANNNMGDAFEREKDLEKAALEAYINOQALT 100
e L EER L EFFHAFFTFEINERNN A NN E N wwgE LT

gi| 22329737 | thale_cress FDF 103

gi| 78708787 | rice FDP 103

ILP32 FDP 103

Figure 41. Alignment of amino acid sequences of SLRiIB9 anthocyanidin reductase
from two other species. Residues identical in all careg proteins are marked by
asterisks, and residues showing similarity are denoyezblons and periods, with
colons meaning higher similarity. The GenBank acoessumbers assigned to the
sequences analyzed are showing at the left sidg alith species name. The amino
acid sequences of SLP39 used in the alignments werecdée from nucleotide

sequences.
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SLP40 HMEEASEESLOTVAALKAP ITSRRELNTELEDQNPEPYLARALVAVDPECLN 50
gi| 215794078 | cyocad ——MASVESLOTTALRAPVTLEREVNPHNLDDE IFEFFLPRALVAVDTEHLD 45
gi| 196122104 | rape SMGEESEAFATTAPLAPVTGERKVRENDLEETLFERPYLARALVAPDTEHFN 50
gi| 117572629 easter_ lily  —-—--—- SPSIITVAAEAPVTLAERKQNLHLOEQLARFTVARALAAVDFAHFN 45
gi| 226501210 corn FPPPPRDOEMDTEAPNAP ITRERRLNPDLQEQLPEPYLARALEAVDPSHPD 50
rr ok K wEaE ke Kea o3 kEaa wEE K ¥
3LP40 GAIKGHOHNNMEVLOOHVAFFDENEDGIIVPWETYOGFRATGFIISISLYA 100
gi| 2157242078 cyoad GIPGHOINNNIVLOQOHVAFFDRENHDGIVYPWETYEGFRAIGFNIVISLES 23
gi| 196122104 | rape GIEGHDEEGMIVTQOHVAFFDCNGDGIVYPWETYAGFRDLGFNPISSVFW 100
gi| 117572629 easter_1lily GTEGHEHHNMEVLOQRAAFFDRNNDGIVYPWETYOQGF RAVGFGVLTIILG 95
gi|226501210|corn GTEGRDFPRGMIVLOQOHAAFFDRMGD GV IVPWETF OGLEATGCGLTYVSFAF 100

SLP40

gi| 215794078 cyoad

gi| 196122104 | rape

gi| 117572629 easter_1lily
gi|226501910]| corn

Fro ok L WEE Wy WEEEL R Khg kA AAE: wak g *
ALFINLTL3Y¥PT3I3ZZWIPSLLFTHTHR 127
ALFINIALSIYLTLPGWIFSLLFFIHIN 125
ATFINFAFSYVTLRIWLPSPLLPVYID 127
GFLINLGLEYRIQPIWIPSPVLATIHIE 122
SILINLFLSYPTQPGWLPSPLLIIRID 127

HH - R L e

Figure 42. Alignment of amino acid sequences of SLRi® caleosin from diverse
species. Residues identical in all compared prstaie marked by asterisks, and
residues showing similarity are denoted by colorg@eriods, with colons meaning
higher similarity. The GenBank accession numbergasd to the sequences analyzed
are showing at the left side along with species nafte amino acid sequences of

SLP40 used in the alignments were deduced from ntidéesequences.
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il 148905865 | sitka spruce LFLOYTEGREFKETKLSIFFRILGLMIPGVIAHIPVHYINAVELG 45

gi| 38255660 | castorbean FILNEVYGAEYKETWESRMFRILGLFLPGVALHIPVITYVIISVELG 45

3LP41 MVCTAKRGERFREGWF ALCFRFMGILLE GHIAHIPVIYVIIAIRLG 45

gi| 115482157 | cice MFLWAKEGKDYREGPVSIVYRAAGLLFPGLASHIPRDYVIAIRLG 45
. w W : H Trr e WTW e a s WHAT oW W2 o WHT

Figure 43. Alignment of amino acid sequences of SLRil triacylglycerol lipase-

like proteins from diverse species. Residues idahticall compared proteins are
marked by asterisks, and residues showing similargydenoted by colons and periods,
with colons meaning higher similarity. The GenBankession numbers assigned to
the sequences analyzed are showing at the left kidg with species name. The
amino acid sequences of SLP41 used in the alignmests deduced from nucleotide

seqguences.
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gi| 124359716 |barrel clover HTPPNGFLFFUAVIFYLSEYLEFIDTLFIILSRSIERLSFLHYVHHSTVE 50
gi| 15230729 | thale cress DVEPNGFLFFUAQVFYLSEILEFGDTILIILGESIQRLSFLEYVHHATVY 50
SLP42 GTRPEGEVFFUSVVFYLSEFYEFMDTIILVLEE--RPLTFLHVVHHAVVY 48
gi|226492501|corn GTRASGEVFFIUSYVAYYLSRYLHAARGVLAVLRR—-RRSALPRVFAHALSY 48
L. F o LwEEG HE U . H-E- : : H - -
gi| 124359716 | barrel clowver VHMCYLWLNSSOSLFPIALLTNSSVHVINYSYYFLTTVGIRPP-WERVVTD 99
gi| 15230729 | thale_cress VHCYLWLRTROSMFP IALVTHNS TVHVINYGYYFLCAVGSRPE-WERLVTD 99
SLP42 VHCFLWLEYSOSLOVIALITNASVHTLNYAYYLLCSIGFOQPP-WEELVTH 97
gi|226492501| corn A AFLWLEFZOSFOVLATLASTL THAVALGYRFWVGAGLPARGALVALL 95
LELLEEE L HE S Lo L. HE
gi| 124359716 |barrel clover COIVOFVFEFAVEGLNLYYHFGEDGGGCCGHEAWCFNAVFNASLLALFLD 149
gi| 15230729 | thale cress COIVOFVFSFGLIGUNLREHL--FGSGCTGINGWCFNALAFNASLLALFSN 147
SLP42 COIVOFLFSFLVSIVFLWLHF —-TGDGCAGHGAWIFNALFNASLLVLFFN 145
gi|226492501|corn COLGLLGCHLACHVGVVITMHF GAVGGGCSGIGAWVFNTLLNAALLTVFFH 145

gi[124359716|barrel clowver
gi| 15230729 | thale cress
3LP4z2

gi| 226492501 | corn

W : ot L ® EE Ky % Ky sEErEE 2k
FHLESYTANSENEKRTTDEDS 169
FHSFNYVEKFTREDGEESD- 166
FHERQYEKGENEVGVARKVE 165
CYGERGVDEGSGALASTEDL- 167

Figure 44. Alignment of amino acid sequences of SLRill2 GNS1/SUR4 from

diverse species. Residues identical in all comppreteins are marked by asterisks,
and residues showing similarity are denoted by coéomsperiods, with colons

meaning higher similarity. The GenBank accessionbemassigned to the sequences
analyzed are showing at the left side along with ggsecame. The amino acid
sequences of SLP42 used in the alignments were dddumm a loblolly pine EST

seqguence (accession number: 48949032).
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3LP43 ML I¥YHLTREIEATDHMTALEAVMNCDEERLEIEKEAEAL AAODDGGSEALD 50

gil 224106822 |black cottonwood ML IYHLTREIEASDMSSLEAVISCDEERLELEFKELEALAAQDDGGGEALD 50
gi| 585752 68| pepper ML IFHLEREIEASDHMTILEAVINCDEERLOLEREAEALAGRDDGGGEQLE 50
gi|15239436|thale cress ML IYTHLSHEIEATDMISLEAVVICDEERLELEREVE ILVOODDGZERLD S0
ShE sk kA E kA kR Eh s EEREEEE o kEE_F k| s EEEEEE
SLP43 RLYERLESLDAATAEKRAAEILFGLGFDEENASEEDE 57
gil224106822 [black cottonwood EVYERLEAMDVATAEKRAAEILFGLGFNEQMOTEETR &7
gi| 58375268 pepper RITERLEAMDAATAEKRALREILFGLGFDEEMQAEETE &7
gi|15239436| chale_cress SIYERLDAMDAETAEKRAAEILFGLGFDEEMQAEKETE &7
EEAT L H, TEEEATEEEETERL G EE -

Figure 45. Alignment of amino acid sequences of SLR4IB ABC transporters from
diverse species. Residues identical in all comppretkins are marked by asterisks,
and residues showing similarity are denoted by coéomisperiods, with colons

meaning higher similarity. The GenBank accessionbamassigned to the sequences
analyzed are showing at the left side along with gsecame. The amino acid

sequences of SLP43 used in the alignments were dddumm nucleotide sequences.
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gi| 28273096 tobacco

gi| 224071551 | black_cottonwood
LLFPG

gi|21536775| thale cress

gi| 28273096 cobacco

gi| 224071551 |black cottonwood
LLP&

gi| 21536775 thale_cress

gi| 258273096 tobacco

gi| 224071551 |black cottonwood
LLFP&

gi| 21536775 thale cress

LHGLTND AN AEVPLEVFWLVPQFLLYGAGEAFTY IGOLDFFLRECPEGHE
LHGLANDPTAEIPLAVFWLVFQFFFVGSGEAFTYIGOLDFFLRECPEGHE

QHOLTNEENAIVPLSVYWLIPOFLLVGAGEAF ATWGOLEFF IKQAPVSME
—-——-HNDEE--——- IZAFWLVPOYFLVGAGEAF ATVGOLEFFIREAPERNE
: R R E RS P R R TR R R X )

THSTGLFLSTLSLGFFF3S ILVTIVHEVTGENP - — - WLADNLNQGELYDF
TH3TGLFL3TLILGFFVESSLVTIVHEVTINEF —— - WL ADNLNOGELHDF

SMSTGLFLETLELGFFWATLLVTLVNGLTGHGGSPGWLPDHLNRGELDYF
AMSTGLFLSTISHGFFVISLLVSLVDRVTDES——--WLESHLNEARLNYF
PEEEXRRREFF R LREE Ky KEraE, 1 F 1 EF O EEE: _FE K

TWLLATLSVLNLMIFLF ISRRYVYEEKRLAECGIEME 134
TWLLAILZALNFVIYLICARWYVYEDKRLADEGIELD 134
TWLLTVLIFLNLLIFFVFAHFYEYTEESTGGOEESKS 137
YWLLVVLGALNFLIFIVFAMKEHQYEADVITVWWVTDDD 124

TEFEE, O, FELaFa: H . W, .

50
50
50
41

o7
a7
100
=

Figure 46. Alignment of amino acid sequences of LLR6& witrogen transporter-like

proteins from diverse species. Residues identical coatpared proteins are marked

by asterisks, and residues showing similarity aretkrl by colons and periods, with

colons meaning higher similarity. The GenBank acoessumbers assigned to the

seguences analyzed are showing at the left sidg alth species name. The amino

acid sequences of LLP6 used in the alignments wateagel from a loblolly pine EST

seqguence (accession number: 67487349).
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SLP47 M3DILGRVIYCLRISVDHGE IKNSETANQRDSFVLAVELDIDELARSPET 50

gi| 15221421 |thale cress MADIVGRAIYCLRTAVDHGPVINIEF ANDEDSFILAVELDVDELAKGHE- 49
gi|383447a6|rice MTDILGRVIYSLRTAVDHGPVENSENAMNODSFVLAVELDVEEMAKNNE- 49
gi|212721620| zorn MTDILGRVIYSLRTAVDHGLVENIGHATELDGFVLAVELDVEELAKNNE- 49
gi|224066245|black_cottonwood NN IVGRVITCLOTAVDHGPVONSHF SHREDSFVLEVELDVEEMAKITHE- 49
TeakahH KA WeiaEEET o FE . IR FE BT T L PR PR PR

Figure 47. Alignment of amino acid sequences of SLRMIT serine-type peptidase/
signal peptidase from diverse species. Residuesi¢déit all compared proteins are
marked by asterisks, and residues showing similargydenoted by colons and periods,
with colons meaning higher similarity. The GenBang&ession numbers assigned to
the sequences analyzed are showing at the left kKidg with species name. The
amino acid sequences of SLP47 used in the alignmesrts deduced from nucleotide

sequences.
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gi|162460343 | corn DHCGTTPMDVNHAVL AVGYGVED-GVP YL TKNSWGADWGDEGTFENENG 49

gi|773V9397 | rape SHCGOTPMDVNHAVL AV GYGIED-GWVPYULIENSWGADWGDEGYTFENENG 49
gi[211953197 | sunflower GDCGAGFMDVIHAVV AV GYGVED-GVP YL IEDSWGADWGLGTFENENG 49
ogi| 53745453 | plan TTCGNSFHMDVIHAVL AV GYGVEN-GIPYWLVENSWGADWGDHGTFEHEN: 49
gi|8347420] tobacco TECGHNTFHMDVINHAVL AVGYGVEN-GVPYWUL IENSWGADWGDHGTFEHEN: 49
aLPag TTCGOGFMDVIHAVL AV GYGUVIDEGTPHWI IENSWGESWGVDGTFENEL: S0
TH ORERERERTWAAXN s _n % TaTar K EET WE_ FEAENN X
gi| 162460343 | corn ENHCGVATCAS 60
gi| 773739V | rape FNHCGIATCAS 60
gi]211953197| sunflower FENHCGVATCAS 60
i 537454583 | plan FENHCGVATCAS 60
gi|§3474Z0| cobhacco FNHCGIATCAS 60
ALP4S FNHCGVATCAS 61

Figure 48. Alignment of amino acid sequences of SLRl8 aleurain-like protease
from diverse species. Residues identical in all cosgaroteins are marked by
asterisks, and residues showing similarity are denmyexblons and periods, with
colons meaning higher similarity. The GenBank acoessumbers assigned to the
sequences analyzed are showing at the left sidg alith species name. The amino
acid sequences of SLP48 used in the alignments werecdée from nucleotide

sequences.
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oi| 225457379 | grape LOFLCHNHGYDISKEIKLISPTLPDGFTCPENANADLISNMNYPSIATSEFN 50
gil| 79313240 | thale cress LNFLCYYGYNVTTIKAMSEAFPENFTCPADSHNLDLISTINYPSIGISGFE S0
SLP4S SVSRPRYAGDTENIKLIAAN--KTYRCPIGAKVDLISNMNYPSIATSELN 45
gi| 1483177 | norway spruce FHFLCHNYGLDSENIKIIAAN--ESYVECPEGVNADLIZNMNYPSIATIELG 45
- R - Loz oww o, FEEE D EEEET KT ;
ogi| 225457879 | grape G-NESKKVERTVTNVGIDDETQVYTUVSVIALAGVDVEVIPDTLEF TENSEE 92
gi|79318240| thale cress G-NGIKTVTRTVTNVGEDGEAVYTVSVETPPGFNIOVTPEELQF TEDGEE 29
SLFP4aS IVHNGITIVSRSVTHNISPDLAPTYEVTIGAPPGLTVEVISPEILQFIQTIEE 25
gi| 1483177 | norvay_spruce IFNGSTTISRSVTHNFVPEQAPTYEVTIDAPPGLNVEVSPEILHFSETSEE 95

gi| 225457879 | grape
gi|¥9315240| thale_cress
SLP49

gi| 1433177 | norway sSpruce

FoE, opawoEEE, H S T - R

LVOVIFISNGIISVEGLAVFGIITUTNGE 128
LTYOVIVS——ATASLEQDVFGALTWSMNAE 126
LAFDVVFELA-TEVATEGYVFGTLVGAREL 126
L3FMNVVFTP-THVATEGYAFGTLVWSDGE 1Z06

Frrotooo .o 7 LEFILL

Figure 49. Alignment of amino acid sequences of SLR4® subtilisin-like protein

from diverse species. Residues identical in all caegbaroteins are marked by
asterisks, and residues showing similarity are denoyezblons and periods, with
colons meaning higher similarity. The GenBank acoessumbers assigned to the

sequences analyzed are showing at the left sidg alith species name. The amino

acid sequences of SLP49 used in the alignments werecdée from nucleotide

sequences.
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3LP51 QAQGOACPVVVHF TAEWCAPIEYMAGFFENLALEYPDIPFLLVDVDEVEG 50

gi| 5006623 | thale cress QAENQNCE IVAHF TALWCIPAVF MM FFEELAFNYEDALFLIVDVDEVEE 50
gi| 161778788 | grape QATTOGCFVVVHF TAANC IP3VAMNQF FEELASNYPDALFLTVDVDEVEL 50
i 4928460| rubber tree QANNQGCE IVVHF TASWC IFSVAMNPFFEELASAYPDVLFLAVDVDEVEE 50
yi[224114239|black cottonwood QATTQTCP IAVHF TASWCHPSVAMNE IFEDLASAHPDILFLTVDVDAVEY 50
TE O f wk.,  KEETT KT EE O sFKET 1 % KT KEET KT
3LP51 VEDEMDVEANPTF LLMEGNLOVDEIVGANADELQKRVA 88
yi| 5006623 |thale cress VAIQLEVEANPTFLFLEGGHNANDELVGANPDEIEKRVD 53
gi] 1617737588 | grape VAVEMEVEANPTFLLMEEGAQVDELVGANPDEIRKRID 88
yi|4528460| rubber tree VASELEVEANPTFVLMEDGAQIDELVGANPEEIRKRIG 88
yi|224114239|black cottonwood ING-—--FFCHPTFVLMEDZAQVDEIVGANPEEIRERID S5
: L PETE S FE T LR P L

Figure 50. Alignment of amino acid sequences of SLRH1 thioredoxinh from

diverse species. Residues identical in all comppretkins are marked by asterisks,
and residues showing similarity are denoted by coéomsperiods, with colons

meaning higher similarity. The GenBank accessionbamassigned to the sequences
analyzed are showing at the left side along with ggsecame. The amino acid

sequences of SLP51 used in the alignments were ddduam nucleotide sequences.
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gi| 6671192 | tomato
g1|224073041 |black cottonwood
gi| 1944319 sovhean

1] 194338895 | conmon wheat
SLPEY

gi| 6671192 | tomato
gi|224073041 |black cottonwood
gi] 1944319 soybean

1] 194338899 | common wheat
SLP57

SEEMAT--LGGVHDIHGISONIDETHSLAKF AVDEHNEFENANIELARWVY 48
QEEMAT--LGGVHD3Q-330N3AETDSLARF AVDEHNEFENAILEF ARV 47
HAPMAT--IGGLED3Q-GEONIVOTELLARF AVDEHNEFRQNILLEFSEVY 47
IGAMASHVLGGESENP-DAANSLETDGLARF AWDEHNERENALLEFVEVY 49
PGGVAATDIRSLEDVE-DFONIIETLDLGRF AVDEHNEQONGD ISFREVY 49

] . H . L FoaREEEEEEE K 2 0 FEE

EAQEQTVAGKLHHLTLEVHNDAGEKEL 74
EAREQVVAGTMHHLTIEAVEAGEKEL 73
RTQEQVVAGTLHHLTLEAIEAGEEEL 73
EAFKEQTVAGTLHHLTLEALEAGREEYV 75
LAREQVVAGTMYHLTIEAEEGDEFPEL 75

HEL L A - .

Figure 51. Alignment of amino acid sequences of SLRHT cystatin-like proteins
from diverse species. Residues identical in all cosgaroteins are marked by
asterisks, and residues showing similarity are denmyezblons and periods, with
colons meaning higher similarity. The GenBank acoessumbers assigned to the
seguences analyzed are showing at the left sidg alith species name. The amino
acid sequences of SLP57 used in the alignments wetecdée from nucleotide

sequences.
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ogi| 63002585 tobacco TWIVPTGREDGRVSRALD - AGHNLF AFFDIVDVOEQEF TAEGLNTQDLWVAL 49
¥i|71611074|white_poplar TWFVFPTGRRDGREVILASD-TSNLFGF TDSVIVOKQEF LAF GLIMAQODLVTL 49
¥i|21592403 | thale cress GUOVPTGRRDGRVILASN - ANNLPGPRDSVAVOOOKFSALGLNTRDLVWVL 49
gi| 2235362585 cobacco BWEVPTGRRDGRISESS - ASNLPSPFDS T AAQKOQKF AAESLDDED IVTL 49
LLF11 LLP1Z AWDVPLGRMDGRRSLASDVAVNFFIFRDS TNALKQKFSARGLITDDLWAL S0
i 17467210| soyhean GUPVPLGRRDSLTANRTLANCONLF APFFNLTOLEASF AVOSGLNTLDLYVTL 50
R - . LR o s, kK, Wik K
gi| 63002585 tobacco TGAHTIGTAGCAVIRGRLFNFNITG-GPDPIIDATFLPQLOALCPQNGDA 95
gi|71611074|white poplar VGGHTIGTTACQFFRYRLYNF TTTGHNGADPSINPSFVSQLOTLCPONGDG 99
gi|21592403 | thale cress VEGHTIGTAGCGVFRNRELFN-—-TTGOTADPTIDFTFLAQLOQTQCPQNGDG 27
gi| 223536285 tobacco VEAHTIGOTDCLFFRYRELYNF TTTG-WMADPTINOSFLAQLRALCPEDGDG 95
LLP11 LLP1Z BGGHTIGOADCGFFTDRLYNYESTG-NPDPIINFNILEQLOS ICPANGHG 99
gi| 17467210| soybean BGGHTFGRARCSTF INRLYNF 3NTG-NPDPTLNTTYLEVLEARCPQIATS 99
T T E oW THLH  WW Wwpi: o, oz Wiz ®F
gi| 63002585 cobacco ARRVALDTGIANNFDTSYFSNLENGRGVLESDOQELWTDA--STEVFVORF 146
¥i|71611074|white poplar SERIALDTGIONIFDISFFANLRSGOGILESDOQELWTDA--TTRTFVOQRF 147
gi|21592403 | thale cress BVRVDLD TGS TWD TS YYNNLARGRGVLOIDOVLWTDP--ATRPIVOOL 145
gi| 2235362585 tobacco BERVALDEDIOSKFDASFFENVEDGNGVLESDQRLWD D A--ATREDVVOQEY 146
LLF11 LLP1z NIRVALDEGEENTUDASYFONLLAGHNAVLESDVDLYSDP--DTERLVETF 147
gi| 17467210| sovbean DNLTHLDLE TRPDOF DMEY Y SNLLOLNGLLOSDOELFSTPGADTIF IWVIIF 149

gil| 63002585 cobacco
gi|71611074|white_poplar

L - LiFrEEF . LA

LG-IRGLLGLTFGVEFGRINMVENENIEVETGTNG-EIREVCSATN 189
LG-VRGLAGLTFGVEFGREIMVENENIGVETGTTG-EIREVCSATN 150

¥i|21592403 | thale_cress HiA-FPR-—-—-3TFNVEF ARSMVENSHIGVVTGANG-EIREVCIAVI 154

gi| 223536285 tobaceco AGNIRGLLGFRFNFDFSKAMIENSIIEVETGTDG-EIREVCSEFN 190

LLP11 LLP1Z ANEVD————- SFNSAF TESHVELGINVGVETAIQGGE IRRHCTVAN 187

ogi|17467210] sovhean IO ————— TFFENFEVEHIKNGHN IGVLTGDEG-ETIRLOCNFVH 188
* LIS IR B S L L .

Figure 52. Alignment of amino acid sequences of LLBAd LLP12 with peroxidase-
like proteins from diverse species. Residues idahticall compared proteins are
marked by asterisks, and residues showing similargydenoted by colons and periods,
with colons meaning higher similarity. The GenBank&ession humbers assigned to
the sequences analyzed are showing at the left kKidg with species name. The
amino acid sequences of LLP11 and LLP12 used imaligements were deduced from
one loblolly pine EST (accession number: 67962276¢,t¢ LLP11 and LLP12’s close

to 100% similarity with this EST.
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gi|167367|upland cotton FAAMGIDTPGVVALLGAHSVGRTHCVELVHRLYPEVDPALSPDHVPHMLH S50
gi| 5002234 | soybean FGAMGIDTPGVVALLGAHSVGRTHCVELVHRLYPEIDPALNPFDHVPHILE S50
gi| 1403136 thale _cress FESIGIDTPGLVALLGESHSVGRTHCVELVHRLYPEVDPSLNPDHVPHMLHE 50
3LPEOD FEAMGIDTRGVVALLGAHSVGRTHCVELVHRLYPEVDPTLDPGHVEHMEH 50
* ::##ﬂ'# ﬂ':‘k‘k‘k‘k‘k:***##*#####ﬂ'ﬂ"ﬂ"k‘k‘k‘k:*1;:1;_1;_#ﬂ' ﬂ':
gil1e7367|upland cotton FCPDOIPDPEAVOVVRNDRGTPHVLDNN Y YENILDNEGLLIVDHOLAYDE 100
gi| 5002234 | zovbean KCPDATPDPEAVOYVENDRGTPHILDHNNYYENILDSKGLLIVDHOLANDE 100
gi|1403136|chale cress ECPDSIPDPEAVOYVRNDEGTPMVLDNNYYENILDNEGLLLVDHQLAHDE 100
SLP&O ECPDATPNPEAVOYVENDEGTPHELDNN Y VWNLMNNESLLIVDOOLYADS 100
TEEY #*:************w** TEEEEE *:::_****:w#:** ﬂ'_
gi|167367|upland cotton RTRPYVEEMAKSODYFFEEFSREATITLLSENNPLTGSEGE IREQCHNLANEL 150
gi| 5002234 | sovbean RTEPYVEEMAKSODYFFEEFSRATITLLSENNPLTGTEGEVREQCHNVANEH 150
gi| 1403136 | thale cress BETRPIVEEMAKDOAYFFEEF TRATOILSENNPL TGEEGE TREQCHL ANEN 150
3LPEOD RTRPYVEEMAKSQEYFFEYFSRALTILSENNPLTGARGEIRRQCSLENEL 150
1:1;:1; #ﬂ'ﬂ'#ﬂ'ﬂ'.‘k TEEE 1::1;1;: :##ﬂ'ﬂ"k‘k‘k‘k‘k::**:#:##_: *F
gi[167367|upland cotton H-———- 151
gi| 5002234 | sovbean HDOQDP- 155
gi|1403136|thale cress H-———- 151
SLP&O HTESER 156

d

Figure 53. Alignment of amino acid sequences of SLRifi® secretory peroxidase-

like proteins from diverse species. Residues idehiicall compared proteins are

marked by asterisks, and residues showing similargydenoted by colons and periods,
with colons meaning higher similarity. The GenBankession humbers assigned to
the sequences analyzed are showing at the left kKidg with species name. The
amino acid sequences of SLP60 used in the alignmesrts deduced from a loblolly

pine EST (accession number: 66976703).
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gi| 2158764507 | sweetleaft

gi| 224056943 |black cottonwood
SLPA1

gi| 24745923 | potato

gi| 2158764507 | sweetleaf

gi| 224056543 |black cottonwood
aLPE1

gi| 24745923 | potato

gi| 218764507 | sweet lealt

gi| 224056543 |black cottonwood
SLPE1

gi| 24745923 | potato

gi| 218764507 | sweet leaf

gi| 224056943 |black cottonwood
SLPE1

gi| 24745923 | potato

TRRHIDVHWRGEEEVNVFOTVELYAFEL ACRLFMNLDDPNHIAKLGELFI
ToHHISTLWEGEEEVEKVHP TVNLYTFEL3CRLFISIDDPLHISKLAHHFD
LALIRPRYWIGENEVRALPLLERYTFSLACDLF ATINNREEQARFUEHFH
SHLELFNHWEGENEVIVIDLVELF TFSLIIRAFIGIEKESDEILNLYEEFK

FoERELEE HHLLH o . Lt *

IFLEGIIELFIDVPGTRFY3SKEALAATRIELKKL IEARKLELKEGERSS
VFLEGVIHFPINIPGTRFYRASEAADAIEEELRLISFRRRAALDEENASE
VFVEGYNOVP IDLPGTRYNEARRAANATIROOLGRLLNERKD AL AMGEASE
IFTYGLLAVDINLPGTTF YEANKAGNELREQHEV I TEQRRAELSENFINLS

HE S HEEHA HEHH . 'L

SODLLIHLLTIFDENGNFLTEEEIVDNILLLLFAGHD TSALS ITLLMEAL
TODLLIHLLYTSDASGEFLIETEIVDNILLLLF ASHD TTTIVITCVHMEYL
EQDLLIFLLENVDEQGSSLTDNE IQDNILLLLYAGHD TSSSTLTVLLEFW
KIDVLTONINEQDEDGEYMTEVE IEDEVFGF IIGS YD TTATTITLTMEYL

FrErona LA HH - LA HE-

GEHIDVYDE 129
LAELPEVTQT 1353
RRTSVHEHG 159
QOMPEFFME 159

50
50
a0
a0

100
100
100
100

130
150
150
150

Figure 54. Alignment of amino acid sequences of SLP#i eytochrome P450 from

diverse species. Residues identical in all comppretkins are marked by asterisks,

and residues showing similarity are denoted by coéomisperiods, with colons

meaning higher similarity. The GenBank accessionbamassigned to the sequences

analyzed are showing at the left side along with ggecame. The amino acid

sequences of SLP61 used in the alignments were dddumm nucleotide sequences.
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gi| 224069573 | black cottonwood VPIEATMGELRELVEEGEIKVIGLIEASASTIRREAHAVHPITAVQLEWSL 50
gi|223542204 | castorbean IPIEITMGELKELVEEGEIKVIGLSEASASTIRRAHAVHP ITAIQLEWSL 50
gi|225433674| grape VPIEVTIGELKELVEEGEIKVIGLSEASASTIRRAHAVHPITAVQLEWSL 50
yi| 306596459 | thale cress VPIEITIGELKELVEEGEIKVIGLSEASASTIRREAHAVHPITALQIEWSL 50
SLPA2 LALGDAFGIQGLEVSALGLGCVGMSDFYG-PPEPEQEMISLIHTAVSEGY 49
: HU ¥, H - HE : : :
gi| 224069573 | black _cottonwood WSRDVEEEIVPTCRELGIGIVWYSPLGRGFFITGPELVESFSEGDYREDM 100
gi| 223542204 | castorbean WSEDIEEEIVPTCRELGIGIVAYIPLGOGFLALGTELVETFEEGDVREYL 100
gi|225433674| grape WTRDVEEEIVPTCRELGIGIVAYSPLGRGFFASGTELIENLSNNDFRENL 100
gi| 30696459 | thale cress WSRDVEEDIIPTCRELGIGIVAYSPLGRGFFASGPELVENLDNNDVRETL 100
SLPGE2 TFLDTSDIVGPFTHEIL IGKAIRG——-——- IREFVOLATEF G-—————- I 56
* - * _'ﬂ‘: % - :'ﬂ‘ - -
yi| 224069573 | black cottonwood SRFRPENLDHNROLFERVNEIAARKOQUTESQLALAWLHHOQGDDVCPIPGT 150
gi|223542204 | castorbhean FEFQPENVEHNEHLFERVHNEMAARKQCTPSQLAL ANWHHOGDDVCPIPGT 150
gi|225433674| grape PRFOPENLGHNEILYVERVIEIATREGCTPSQLAL ANWHHOQGDDVCPIPGT 150
gi|30e56459|thale cress PRFOQENLDHNEILFEEVE ANSEEKGCTPAQLAL AWWHHQGDDVCPIPGT 150
SLPGA2 131

gi| 224069573 |black cottonwood
gi|223542204 | castorhean

gi| 225433674 | grape
yi|306596459|thale cress

SLPGR2

LYVDGKPEARGDPAYWVRAACEASLORLEVDF IDLYYQHRIDTEVP ————~

L

TEIENFNONVGLLSVELTLEENAELE 176
TEIENFNONIGTLSVELTPEENLELE 176
TEIENLEONIGALLSVELTPEENAELE 176
TEIENLNONIGALSVELTPEENSELE 176
—————————————— IEVTIGELEELV 143

=% LTS

Figure 55. Alignment of amino acid sequences of SLRifi2 aldo/keto reductase-like
proteins from diverse species. Residues identical coatpared proteins are marked
by asterisks, and residues showing similarity areotkrl by colons and periods, with
colons meaning higher similarity. The GenBank acoessumbers assigned to the
seguences analyzed are showing at the left sidg alth species name. The amino
acid sequences of SLP62 used in the alignments wetecdéd from nucleotide

sequences.
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gi|224135577 | black cottonwood VPEEVWLYQYEACPFCNEVEAYLDYYD IPYEVVEVNF ISKEEIEWSD--Y 48

gi| 15233304 |thale cress NPEEVWLYQYEACPFCNEVEAFLDYNEIPTEVVEVHF ISKEEIEWZD--T 48
SLP63 IPKDLVLYQYEACPF CHEVEAYLDVHHLPYEMVEVNP ISKKEIEWSD--T 45
gi| 115457404 | rice LPOMVVLYQTQACPFCHEVRAFLDVHD IPYEVVEVNPLIFKEIEWIE--T 43
gi| 116061703 | green alga GEORVTLYQYDVCPFCHEVEAF LD VHRVP YDVVEVNPLTEGELGWWVEDGY 50
s EEEEs REREEER T RET sk o EEEEHLcF Ke F oo F
gi|224135577 | black cottonwood KEVPILLVDGEQLVDIZAIIDKLGNEIH 76
gi| 15238304 | thale cress KEVPILTVDGEQMVDSSVIIDILFOKME 76
ALPA3 KEVPILMVDGEQLNDIZATINQLDSOIH 76
gi| 115457404 | rice KEVPILMVDGEQLVDISD IINILOORVE 76
gi| 116061703 | green alga KEVPIVTVGDEELNDSEHIILAELTERFD 75
TEEEE Ok was EE, EE % .

Figure 56. Alignment of amino acid sequences of SLRiB3 glutathione S-transferase
from diverse species. Residues identical in all cosgaroteins are marked by
asterisks, and residues showing similarity are denoyezblons and periods, with
colons meaning higher similarity. The GenBank acoessumbers assigned to the
seguences analyzed are showing at the left sidg alth species name. The amino
acid sequences of SLP63 used in the alignments wereceé from a loblolly pine EST

seqguence (accession number: 34490708).
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SLP_LLP4

gi[ 527883095 aleppo_pine
gil[ 1350525 white spruce
gi|2951167| tobacco

SLP_LLP4

gi[ 527883095 aleppo_pine
gil[ 1350525 white spruce
gi|2951167| tobacco

LGREFPEVIKAGRGGENNEGTVFWMEDPATGNWIPEDHFGETD TAALRQE 50
LGREFPEVIKFGRGGENNEGTVFWMEDPATGNWIPEDHFGETD TAELRQE 50
LAREFPE I3KAGGGGENNERTVFWMEDPATGNWIPEDHFGETD TAELRQE 50
CGVRGEN INMEEVEESSEETTIWWEPDPVTGY TRPESHAKEIDAAELRQM 50

. A e ok AW

LL33RE 56
LL33RE 56
LL33RE 56
LLNHEF 5

wu,

Figure 57. Alignment of amino acid sequences of SLAP4 With LEA from diverse

species. Residues identical in all compared prstaie marked by asterisks, and

residues showing similarity are denoted by colords@ariods, with colons meaning

higher similarity. The GenBank accession numbergasd to the sequences analyzed

are showing at the left side along with species nafte amino acid sequences of

SLP_LLP4 used in the alignments were deduced fronentide sequence.
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gi| 5608497 ajuga SEPWRYTGOEANMDRED IKNLVEENNDVYNDESLDFEAEDSIAGEET--F 485

§i|146230136]|showy_mullein SEPWRYTGVEANMDRED IKNLVEEWUDVYDDESLDFEANETIVEDET--F 485
§i| 15219093 | thale cress SEPWRYTGEEANMDRED IKMLVDEWNDVYNDESLDFESKIPADAEET--V 485
gi| 212004012 | rape SEPWRYTGEEANMERED IKNLVNEWTD ITNDDSLDYEESVGDLVEESIVYV 50
LLF13 RRPGRYAGKEENHQREDIKULVKKHHDIYNDESLDYKAEEHSIPEAETLS 50

rh FwH T AT AFFFF AT FAAFoF o F T TTF

gi| 5608497 ajuga SMP3FIAS---LPEP-AVIYIFPAP3AL 71
§i|146230136]|showy mullein SRPIINAR—--MPEP-AISYIPAP3AL 71
§i| 15219093 | thale cress TEZSILAS---VLEP-ENTYFFAP3AL 71
gi| 212004612 | rape HLEPFIZA---LTEAGPVEYVTAPSALL 74
LLF13 NLQQITANSLLATIPTAAGFIPAPSAA T

DL FEEEE

Figure 58. Alignment of amino acid sequences of LLRitB galactinol synthase from
diverse species. Residues identical in all comppareteins are marked by asterisks,
and residues showing similarity are denoted by coéomsperiods, with colons

meaning higher similarity. The GenBank accessionbamhassigned to the sequences
analyzed are showing at the left side along with ggecame. The amino acid

sequences of LLP13 used in the alignments were @eldiuvom nucleotide sequence.
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SLP36

gi| 56481789 | douglasfir
gi| 38532363 | ginkgo

yi| 1401234 loblolly pine

SLP36

gi| 564831789 | douglasfir
gi| 38532363 | ginkgo
gi|1401234| loblolly pine

EDOTSEYEKALEEEKHHERMERVGELGTVALGGYALYEEHEAEKDPENAR 50
QTODDEYEKARKEEKHHERMERVGELGTVALGAYALYEKHEAEKDPEHAG 50
DEEODDYEKAMEEEKHHERNERVGELGTHALGAYAMYEKHEAKKDPEHAR 50
NVHNSDEYEEAREEEKHHEHMEEVGGLGENATGAF ALHEKHAEEKDPEHLH 50

LrEEEE LERXXRL KT FE KE oKk e Ka KRR EEEETLE

RHEIEEETALAAAGEW 66
RHEIEEETALARAVGS 66
RHKIEEEVALLAAVGL 66
FRHEIEEEIALLAAVGE 66

HEEAFEA L RITHN

Figure 59. Alignment of amino acid sequences of SLRiB® water deficit inducible

proteins from several other tree species. Residlesgical in all compared proteins are

marked by asterisks, and residues showing similargydenoted by colons and periods,

with colons meaning higher similarity. The GenBank&ession numbers assigned to

the sequences analyzed are showing at the left kidg with species name. The

amino acid sequences of SLP36 used in the alignmests deduced from nucleotide

sequence.
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gi| 62701653 |rice

gi| 18330866 | thale cress
SLP70

gi| 195622276 corn

gi| 62701653 | rice

gi| 18390886 | thale cress
SLPY0

gi| 195622276 corn

gi| 62701653 |rice

gi| 18330866 | thale cress
SLP70

gi| 195622276 corn

ANLVTPAFFTPPI3S33TEMVPPASSHNPTAPPLHP TS AS AR ———————— 42

TDLYTPSFFGPPREMMAQPHL IFGVI-NPTAFPLNPNIASHOO-——————— 41

FPLVSPLLMAPP——————————~ ISSTLTAPPVQP--FP3QLO———————— =

TELVYPSLFSPLTS-30TENVHTNIAVPTAFPOHPRIAQOPQIAFPLLOPF 45
wE O wrar F 3 wEEE W . H

——————— ATYGTPLLOPFPPPTPFPSLTFIYNE--GPIISRDEVEELALLE 33
——————— REYGTPVLOPFPPPTPPPSLAFPAPT-—-GPVISEDEVEEALLS 51
——————— PEHGSPLLOPFPPPTPPPILAPASIMSHGPIITRDGIRDALVE 72
PLPTASSPPYGTPLLOFFPPPNPEPSLAS APVL—-2PALTRDEVRDALLR 97

LaTa e REELTEES X wEL . MR R

LVONDQFIDLVYRELCNAHM- 103
LLOEDEFIDEITRTLCINALQQ 102
LICHEHFIDMVYREMMINAHLS 33

LVENDEFVDLVYREIMNEO—— 116

Froew Frw oK 1 &

Figure 60. Alignment of amino acid sequences of SLRITH DCP1-like decapping

proteins from diverse species. Residues identical coatpared proteins are marked

by asterisks, and residues showing similarity areotkd by colons and periods, with

colons meaning higher similarity. The GenBank acoessumbers assigned to the

sequences analyzed are showing at the left sidg alith species name. The amino

acid sequences of SLP70 used in the alignments werecdée from nucleotide

sequence.
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Figure 61. qRT-PCR results for an invertase-like gene (SLP21) in sheitiesand

loblolly pine. The relative transcription levels in shortleaf pine and loblolly pere w
measured using actin as an internal control. Tissues used on shortleaf pinelleetedc
at two, four, eight, 16, 24, and 48 hours after top-killing. Tissues used on loblolly pine
were collected at one, three, five, and seven days after top-killing. Expréssel units

are values linearized with the”?€™) method, where €is the threshold cycle.
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Figure 62. gqRT-PCR results for an amylase-like gene (SLP22) in shpitieadnd

loblolly pine. The relative transcription levels in shortleaf pine and loblolly pere w
measured using actin as an internal control. Tissues used on shortleaf pinelleeiedc
at two, four, eight, 16, 24, and 48 hours after top-killing. Tissues used on loblolly pine
were collected at one, three, five, and seven days after top-killing. Expréssel units

are values linearized with the’?™) method, where €is the threshold cycle.
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Figure 63. gqRT-PCR results for an AP2/ERF transcription factor-like @drie3@) in
shortleaf pine and loblolly pine. The relative transcription levels in shopieafand
loblolly pine were measured using actin as an internal control. Tissues used l@akhort
pine were collected at two, four, eight, 16, 24, and 48 hours after top-killing. Tissues
used on loblolly pine were collected at one, three, five, and seven days afterimgp-Kkill
Expression level units are values linearized with tf&Z§ method, where €is the

threshold cycle.
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Figure 64. qRT-PCR results for a KN3-like gene (SLP2) in shortleaf pinehludly
pine. The relative transcription levels in shortleaf pine and loblolly pine wersuneeia
using actin as an internal control. Tissues used on shortleaf pine weresdadietto,
four, eight, 16, 24, and 48 hours after top-killing. Tissues used on loblolly pine were
collected at one, three, five, and seven days after top-killing. Expressionmégehre
values linearized with the 2¢°7) method, where €is the threshold cycle.
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Figure 65. gRT-PCR results for a water deficit inducible protein (SLP3@&pntleaf

pine and loblolly pine. The relative transcription levels in shortleaf pine and ipopio#
were measured using actin as an internal control. Tissues used on shortle@reine w
collected at two, four, eight, 16, 24, and 48 hours after top-killing. Tissues used on
loblolly pine were collected at one, three, five, and seven days after top-Kkilling
Expression level units are values linearized with tH&Zj method, where €is the

threshold cycle.
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Figure 66. gRT-PCR results for a receptor-like kinase (SLP_LLP1) in sikfqoitee and
loblolly pine. The relative transcription levels in shortleaf pine and loblolly pere w
measured using actin as an internal control. Tissues used on shortleaf pinelleeiedc
at two, four, eight, 16, 24, and 48 hours after top-killing. Tissues used on loblolly pine
were collected at one, three, five, and seven days after top-killing. Expréssel units
are values linearized with the’?™) method, where €is the threshold cycle.
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APPENDIX |
cDNA sequences

>SLP1_GO479090
CACTTAGATCGTGCAGATACAGTATTCACCCAATCTCCCCCTCACAGACAAT
TACAATTCAACAGAGTTAATCTCAGGATTGCATGATGATTTCAGTCGTTCCAA
GGCATCATCATCTTCAGAACCCATCTGGGAGAAAGAAGCTGAGAGCAGCCC
AGAACGGAAAATCCCTCGCAGAAGCAGCAACAATCATTATTTAATATGGATC
TGGAAGGTCTACAAAGTTCCTTCCCTCATCTAGACCAAATATCTTTTAGCGT
GCTTATCAAGACTGGCTTTTACTCTAGCGAGCCATGACCCAGTGGAAGGTTA
TTGACCTCTGGGTTTTTTAATTGTTGAAAGACTACCTCTAATTCGATTGAATTT
ATGGACTTAC

>SLP2_GO0479091
TCTTCATATCTGCCGTTTGAAAAGGCCATTTTAGAGATCAGCTATACATATAA
AAGATGAGTCAGACAAATCTACAGCATTGCACTAAAACTGGTGTTTGCCTCA
AAAATGGGTTTAACCTCAACAATCCATTGAAAAGGCAGTTCCATCTGTCCTG
AGATGTCCCTCCAGGAAAAAAGCAGCGTTGTGAGGATTAGGACTATCCATAA
CCACGAACTGCATCTCTTCAGATGGTTTCCAATGTCGCTTGCGCTGATTTRA
AACCAGTTATTTATTTGCTTCTGATCCAGCCCGGTAGATTCTGCCAATGCAT
CTTTTGACTTTCCGAAGGATATGGCCACTTATAGTTTCTGGTCCACCAATCA
ACAACTTTTGCCTTGCTTCCTTGGGGAGTTTGCCTTTCCTTTTCTTCTTABAA
ATTCTTGCTTGAGACTGCTCAAGTACCTCGGCCGCGACACGCTA

>SLP3_G0479092
CCTATGCAGCTTATTACAGTTTGACTGTGCTCTCTAGTTTTTCAGCTGTGAAT
TTTTACTAGTTTACAGCTTCACTGCAGTATGAAAGCTTGCACTAGAATGAGAG
GATTTAGCAAATAATCCTAAATGTTGCAAGTGCGGCATCCGAGGCACCTATT
ATTTCCCTTAAGATTCCAATGCCTTACGCAGTATATAAACTGCAGAATGAAAA
AGCAGTCCAATCACTCTTCTCAACTTCTCTCTTCCCAAAACTAATCATTTIACT
GTATGACATGGTTTCTCATAAATATATATATGGGCCCTTTCTGCCTGGGAMRT
GACAGAAGATGAGATAATGGCTACATCTCAAATCAGAAACATCGCATTCAAA
TCCTTGTAAATGCTTTGCTGGTTGCAATCCTATAATAATACACTAGAACCTAC
ATGGAAAGAAATGCTCTTCCATTCAGTCTGCAGGTAACATAGGCATGCGGT
GCTGT

>SLP4_G0O479093
CCTGGGACGGACTTGGATTCATCCGCAGCATTGAGCACAGCTCTGTTCAGA
CGGGCTAAGCTGTGGAGCCTGCTTTGAGATCAATGTGTGAATGACCCAGAR
GGTGTCACCCGGGTAACCCTTCGATTTTGGTCACGGCCACCAATTTCTG@T
CCCAACTATGCTCTGCCTAACGACAATGGCGGCTGGTGCAATCCTCCTCE
CCATTTTGATCTCTCCATGCCAATTTTCCTCAAGATGGCCGTGTACCTCGGC
GCGCCACGCT
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>SLP5_GO479094
CCGATAGCTGGGGTATTCGCCTGCGGGCTGGCTGGAATGGGATGGAGCTTT
GCTTTGAAAACTTTGTATTATGGAGAGTATATGAATACAGGGCCAGGCTCTG
CTACTGGAAACCGTGTGAAATGGCCTGGCTATCGGGTGATCAAAAGTTCTA
AGAGGCGAGCAAATTTACAGTGGGAGAATTCATACAAGGAAATTCCTGGTTG
CAGTCCACTGACATCGACTACATCGACGGATTGACAAATTAGCGACGTCGC
AAACTTTTGAAGAAGTTCGTCTGTGTCTGTAGTTCGCTTTCAACTTTTGAMGA
AGATTGTCTGTGTCTGTAGTGTCTGTATTTCGCTTTCTATCGTTTTTGTAGGT
ATCCGTAGTTCGCTTTCAACTTTTGAAGGAGATCGTTTGTGTCTGTAGTGTT
GTATTTCGCTTTCTATCGTTTTTGTAGTGTATCCATAGAACGTTCTATGG/ASTA
ATGATAAAATAAAATCATATTGAACTTT

>SLP6_GO479095
CTAGGGTGTCTATGGCTCCTGCAGCTTCATCCAATTAAAGAAGGCTGGAAR
ATACTCCAGGGCATCTAAAACGTTCAGCACCAATGGTGATCACCTGCCCAT
AGGGAGCTCGTAACTTTTGTCAATGGACGAGCTGCTTTTAGCTGTCTCAAGT
CCTGTTCATAGTCAAGAGCCACATATGCAAGCTTTTCCTTCACATCACGGEA
ATTTCACGCTCTGCAGTGGTGGTGAATGAATACCCTCTTTCTGTCAAGATTT
CATTAATGCATCTGTCAAATCTCTCCCTGCAAGATCCAACCTAAGTATAGQAT
GAGGCAGGGCATATCCTTCATAAATTGGCACTGTGTGACTAACACCATCCC
AGAATCCAGTACCTCGGCCGCGACACGCATA

>SLP7_GO479096
CTTTATATTCAGCCTGGCATGCTTAAAAGTATGTTTATGCCCGTTGGTAATG
TGCTTTCGCTCATGTAAAGACTTTGCAAGT

>SLP8_G0479097
CCATGGGGCGTCTCTGGCTCGGCAGTGGCTTGGCAGTGGCTCTGGTTCGRC
CGGAAGTGGTTCTGGTAGCGGCAGTGGCTACGGAAGCGGCTCCGGTGCTGG
TCGGGCTACGGTTCTGGCCCTGGTTCCGGTTACGGCGCTGGAAATGGTGSC
GTAATGGAGGAGCTCCTGGTGGTGGATACTAAATTCAAAGAGGAAGGGAAA
CAGAAAAAACCTTCTAGCTTTGCCAAAATAGTTGCGTCGTTTGCATTATAATA
TGGTTTGCATCGTAATATAATAATGCGTACCTCGGCCGCGCCACGC

>SLP9_GO479098
CAAATGCTGGCCCTTATTACCCTCCCGAATCGAACCCGCAACCTCATCGGIA
AGGAGAAGCGCGAATAATCTGGTCCTAAATCGACCAACCGCACATCTCTTA
CTATGACTCCGGGATCGAATCCCATCCAATCCTATCTTTCCCTCACAGGCTG
AAAGACCGGGTTTTACAGAGAACCGGGAATCCACGACCTAATCTCCGAGAG
TTATATCTCTGCAGGAATCTTTTTAAATAAACAACTCGACCGCTTCAAATGCA
AAACCCAGCAAATTAATTAAACAACATAACTAATCAAGGCGACCACTATCA T
CTCGCATCCATATGGGCACATGGATATATACGTAAATGAGATAACATCAACA
TATACCCGAGCCCAAGCGTATATATCACTAGCTGTATATATCATTGAAATTGT
GCGCCGATCCCTGTGCAGGTAAGGACAGCTCAGGAGGGTATACACATAGCIT
GAAATGAATATATAAAGATTTACACAAATCCCCAGTC
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>SLP10_GO479099
CCAGGGGGCGTCTTGTGACTTTTTGGGATGTCTTAGAGACGCCGTTACTTBA
CTGAGCACGCAAGGCGCAAGACTGTCACCGCCATGGATGTCGTCTATGCGT
CAAGAGGCAGGGCAGAACCCTCTACGGCTTTGGCGGTTAACATTGAACTCA
TTGTTTCGTTTCTAGGGTTTAAATCCTGGTTCAATTTTGGGGTAGATATTRATT
TTGCCTGGCAAATTTTGAGATAAAGGTGTGTTGTTTGCACTTAATTAATGGAA
TGAATAGATTGCATTAATCCTTATCTATTTTCTTGCTCCGTTTTTAGGATAAGT
CGATTTTTTACCAGAGCAATGGTTGGATTGAATACGT

>SLP11_G0O479100
CATCTGCTGCGGCAATACCCCTCCTGAGCCAGGTAATGTCGTGGTGGGAGT
GGATATCAAATCACGGCAATGGGAAACAGAACTGTTATTGTTGACAACAATA
CATGGAACAATACACACATTGCCACTGTTGGGCGGGCGATGTCATCATATA
GCATGAAGCCTATGAGATCATGCAATCACTTGATGTGGACCATGTGTTGGTG
TATTTGGAGGTGTTACTGGTTATTCTTCTGACGACATTAACAAATTTTTATGG
ATGGTTCGCATTGGAGGTGGAGTGTTTCCCGTTATCAAGGAGGCTGATTATT
TGTTAATGGAGAGT

>SLP12_G0O479101
CATTACACCGTCGTAAACATTAACCCTTGCCTATATTACAGAAAACGCTGAA
AAATCAGATATTAGCAACGGAGACCTCATGCCCAGATTCCACAGGCCGTCT
ATTCCATACTATAACAAGTTCAACATTCAGCAGCCCGGAGGAGAATTTAACT
TGCACTCTCCAGGCAAAGCCTTGGCAAGATCCGGATCGATTCCAAACATGG
AAGAAGGGAGGGATAGTCATTCCCAAATTCACAGAAGCACGTAAGATTTGCA
GTGCTTAACACGCTGCAACAGGCTTCAACAGGCTGTGCAGGAGGCTGTGTA
CTGCTGGCTTACATGGCATTAGGTCATCCTTACTCACATTGCAGATCTGARG
GCCCCTCTGGCCAAAGAAATGCTAGCGAGCAATGCTACTGTAACTATTGCE
AGCCAATAATTATCTTCATCCCCGCGTACCTCGGCCGCGCCACCGCTA

>SLP13_G0479102
CACATCTACCGTAGCTCCTAAACATAATAATAACAACACAAATGAATATAT A
AAATATGAAAAAATAGCGACTATACAGGAAAATCCGATCTAAACATGAAAT
GATCTTCTGTGTCTCTGTCTGTGCCCCTGTCTATGAAAAAAAGATATGCTAT
TTAGAGATAGCCCTTCCCATAACTGTTATCGCTCCTATTGTTCCTGAAGGEC
AGCAGCCGACGCTGTAGACGATGATGAGGAAGATAAGCATCACTATATTCAC
AACCGCCACCTTTCGCCAGTCGTGCTTCAGGTTTGCAAGAACCCCGGCCEL
ATGAGTTGCAGTCATAGCACAACTGGGTCGAGTTGTTGCTCCAAGTAGT

>SLP14_GO479103
CCTAGGTGCTCGGACCGCGAGCTGGACCCGCTTTTGAACACGCCTGAACAET
CAAAAACACCATCACAACCTAGCTGCATCATCAAGGCAGCATCGGCAGGTG
AGCAACACCTCCTGCTGCAAAATTCACAACAGGAAGCCTTCCCAACAGCTG
GTTTGCCTCACAAGCTCATAGGGAGCAGCAATTTGTTTAGCAAAGGTAAAAA
CTTCATCATCATCCAAGCTCTGAAGCTTACGTATATCACCCAAAACAGACCTT
ACATGTCTTACTGCTTCAACAACATTACCAGTACCTCGGCCGCGACACGCE
A
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>SLP15_(G0O479104
CATCGGCATTACACTTTGTGATACCACAAGCTTCAGAGGCCGTGGAGACCTC
GAGCATCTCCTTTCTGCAAAATCTGAATCGAAGCCCAATCTCATCACCTGBA
TCATTTGTTAAGTAGCCTAATCCGACAGAATCGACGTGAACCAGCGCTGTOG
TTTACAGACTTATGGTTGAAGCGGACATTGTTCCGAATCTGAGAACTTTTACC
ATTGTCATCAATTGTCACTGTCAATCTGGCAGAATGAATAATGCATTGAAAGT
GTTTGAAGAAATGGAAGCTCAAGGTCATGTTCCAAATATCATAACCTTCAGT

>SLP16_GO479105
CCCATGGACTCTCTCGCGGCTCCTTCACCTCCTCAGTGCTCTCCGCCCTRT
CTCCTATCCTCAATCCTCCGCTCCAGTGCTTTCTTCCCAAACCACCTCTGTC
AGGTCCCTAATCTCTTCCATTTCGGTCCCTTTTCTTATAATTGGTTAAACAGG
CAGACAACCAGGATCAGCAGAATCCAAATGTTCCAACAATCAACTTAGACAG
ACTCTTCAGCAGAGAATGCACCATGTGCAAAGCCCATACAGTCATGATCAAT
AGTTTTGTTAAGCATTTCAACGAGCTAAAGGAAGATTATGAAGCGGATAGCA
GGTCCAAGCGGAAAAAACTAGAGAAGCAAAAGGCAGAAATCGAAAATTTGA
AAGGAAGATGCAGTCACCTGGAGGAAGCAGTGCAGCAGATCAGATCCCTCA
CTCAAAGCCATCAAGCTGAGACATCCACAAGAATCAGTGCCAGGAGAAACC
CACAGCCGGATGATTCAGCCACTCAGAAAATCTCTTAAGATTCTATGGTTIGT
CAATTTCGTAGGATAGGTGGTGTGTTGTTAGGCAATATAGCCGTTTTCTTTC
AATTGCAGTCACAGAGGTAGCATCGAGGAGTTTGGGTCTGCGTACCTCGGT
G

>SLP17_G0O479106
CAGCGACCTAGGTATATATAATTATTTTTAAAAAGTTTATTAAAAACTTTT CA
CGTTTTCCAAAGAGTGGTAGAGTCTGGAGAAATTTATTTATGCTGCTGGTEC
CACGAACAAAACTAGAAGAGCAGAGAAGCTTTGGTTCAAGGGCGGGAACTA
TCAAATACGGGAAGATGCGACTGGGGTCGGATGGAATTGCAGAATGGATGA
TAGACATCGAGAGTGAGAAAATCATCCAACGATGGAGCAGTGCACTGCCT®
CAAACATTTTGGCTGCTTCTTCATATCGCCCGCCCTTGAATTTCTTGGTGCAA
CTTCCCTCTCAATTCGCGCCATCTCTTCGGCCAGAATCCTGCCAACCAATAC
CGGGTGACCTTCACCGGCACCACTTCCCCATCCAGAACCACCTCATAATGA
TCCACTGCCAGTTTTGT

>SLP18_G0O479107
CATAGAATCTGTTATTTTAGAGGATATGAAACTTAGCATCGAACCATGAGTCC
TCGGAATCTATTGCAACCCGGCAGTAAGTGCAGCAATCAATGTGAAGGCTC
AGTTATTGTTGTGTTCACAGCATCTGGACGAACTGCTAGGTTAATAGCAAAMAT
ACCGTCCTACTATGCCTGTGTTATCTGTTGTCATCCCAAGATTGACAACAAT
CAGTTGAGATGGAGCTTTACTGGTGCATTTCAAGCAAGACAGACTCTTGTGT
TAGAGGACTTTTTCCTATGCTGGCAGATCCTCGACATCCAGCTGAATCAATA
ATGCAACGAATGAGTCTGTATTGAAGATTGCATTGGATCATGGTAAAACAGT
AGGGTTAATTAAGCCTCATGATCGAATTGTTGTATGCCAAAAGATAGGGGAC
TCGGCGGTTGTTAAGATACTTGAGCTTGAAGATTAGGACAATACAGAAGGQA
GTTGGCAGATTTTAGACTCGTGTACA
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>SLP19 GO479108
CCAGGGGGGGGCATGTTTTCTTTTATATGCACGTGCCTTGCAGAATACATIC
TCAAGACCTGGAAGGGTCTTCCAGAGAATGTTGAAGCAGCTCAGAGGGCGT
TCTTATTCGGGCCAAGGCTAATTCTCTGGCCCAGCTTGGGCGATACTCTAG
AAGGTGAAAGTGAGGAGTCTAAGAAGGGAATGTTCGTTAAGGGATACACAT
ATTAAGAATGCGGGTCATAGTTTTCTTACGGGAAGAACTCGTTCAATGCG®
TAGGTTAAGCTTTTATGTTTATTTATTTGGCACTTACAATCCTGAACTTTTTGA
AGAGTTTATATTTTGGTCAATAATGGGCAAAGTGCAAATTGGTTGTAGCCTTT
TACCTATGTTGTACCTCGGCCGCGACACGCTA

>SLP20_GO479109
TCCTTGTAGGGGTTGGGACTTGCACTCCAACTAGAGATTAGCAACTCCTCAG
TCTATATGTTTTTATTTCCATTTTGAGAATCTAAAAACTCCTTCAAAAACA AC
AATATTTTTATTAATAAATATAACTTGCATTCTTATATCAAATAAATAGTG AC
GAAAGAGCCGTGTATATTGAATATACATAAGCTGCTTGTGTAACATATGACA
ACCCTTCATAACACTACAAATATGAAGAGGGTCCATGGAACAAGTAATAAC T
AAATATTTTCACCATCTCACTTCTATGGATCAGTCAGTTTGTAATGATGGOGG
AATCCATATGTACAGAGAGTTTG

>SLP21_G0O479110
CATATTCTGTGGTTCTCTGCTGCCTGCATCAAACTGGAAGGCCCATATTGRA
AACGAGCAATTGAACTTGCAGAACGGAGATTATCTAAAGATGGATGGCCTAA
ATACTATGATGGTAAACTTGGAAGATACATTGGAAAGCAAGCTCGGAAATTT
CAGACATGGTCTGTTGCTGGCTATCTGGTAGCTAAGATGATGCTTGAAGATC
ATCCCACTTAGGTATGATATCACTTGAGGAAGACAAGAAGATAAAGCCGCCA
CTCACCAGATCACATTCCTGGACATGTTGAAGTCCATCGTTAGGGGAATCAT
CCTTTTCTCTTGTATAATGGATAGGCCCATCCCTGTTCATAATCTTGTATATT
TCTGTGGCATTTTACTTGTTTGTTCACTCCAGGACCGAAGAAGAAGC

>SLP22_G0479111
AAAATGAGCTTCTTAGTGAGGGTATGATTAATCGCTGCATCTTTGGGACT®&G
GCAGCTTTTAATATTCCTTGTATGGAGATGTTTGATAGTGAACAGCCGAGAA
TACTGCTGCAGTCCGGAGGGTCTCATTAAGCATATGAAAGAAGTTGCAAGE
GAGGAAATATACCTTTAACAGGTGAAAATGCAATTGAACGCTTTGATAAGGA
GGCTTTCTCTCAAATTGTGAGAAATGCTTACAATCGTCCTCAAGATGTGARG
CCTTTACGTATTTCCGAATGAGGGAGGCACTGTTCAGGACTGATAATTGGA
ATCATTCGTGAACTTTGTTAAGCAGAAGT

>SLP23_G0O479112
CACCGGGGTGGTTTTCGCCTTTTTTTTAATGTTACTGCATCCATCCATGAIGA
CAGTGACAGAGATTGTTCGGACTGGTTACAAAGTTTTCATTTTTGACATGAAC
ATGGTTAATCTCGACTGAGATGACCCATACTCTCGGAGTTAACCCATTAGA
GTTGTATTCACTGATAGTTCAAAAGGTTCAAGTTCAGTTTTCTTGCAATCTTA
GATATTGTATTGACTGATCTCTCAAACGGTCAAGATCAGTTTTCCTGGAATTA
TAGAAGTGGTATTGACAAACGTTCATGTTCAGTTTTCTTGTGATCTGGTAGA
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GGAACGAAAGTTCATGTCCTCTTATTACAAGGAGTTAATATTGTTGTTTCGET
AATAAATTGTTCAGAGAATTTTGCATATAC

>SLP24_(G0O479113
CCTTGCGGATTATGGTAGCTTGCTGTAGCTCGTGCGTTTGGTGACAGGAGT
GAAGCAACATTTAAGTTCAGAACCAGATGTGAGAGACACGACCGTAGATGA
AGCACAGAATTTCTTATTTTGGCTAGTGATGGATTGTGGAAGGTCATGAAAA
ATCAAGAGGCTGTTGATTTGGTTAGAAAAATCAAGGACCCTCAGGTGGCA®
CAAGTGTCTGACTGAAAATGCAGTTGCAAGAAAGAGCAAAGATGATATTTCA
TGCATTGTTGTGCGTTTCCAGCATTA

>SLP25_G0O479114
CCTTGTGAAGGGCCTCTGTGTGATCTACTGTGGTCGACCCAGATGATCGAIT
GGGTGGGGTATTTCACCTAGAGGAGCTGGATATACTTTTGGTCAGGACATSG
CAGCCCAACTCAATCACAAAAATGGTTTGAATTTGGTTGCAAGAGCACACCA
GCTCGTTATGGAGGGTTTCAATTGGTGTCAGGGCAACAATGTTGTTACAGTT
TTAGCGCACCGAATTATTGCTATAGGTGTGGTAATATGGCAGCTATAATGG
GATTAGTGAGACTATGGAGCAAAACTTCATTCAATTTGAGCCAGCACCCAGS
CAAATTGAACCTGATATGACACGCAAGACACCTGATTATTTTTTGTAATTTTG
CTTTACAAGAGTGTAGGGTTTTCATATATTCTGTAATGTTTTAAATGCAGAAA
ACATATACTGAAAAGTCTAGAGCATTCTTTTGTCGAAGTTGATTTTTGCTTTC
CGTACCTCGGCCGCGACAACGGCT

>SLP26_G0O479115
CCAGGGGGCTTGATGGGAGCCTGGGGAATGGTGAAGAAGCCACCGAGTTTA
TCAATGCAGTGAAAGATTACCCAGAAGACGTGCAATTAGTAGGCAGCTACKC
TTCTTTTCTATGGGAATTATCCAACAATAATTAGTGTGTAGTGTTTTCTAGTGG
CGTGTGCAGAATTTGAGGTGTGGGGTGGTTGGGTCGGGTGATTCTCATGTA
TTTTTTCAATTGTGTCTAGAGCAGTTCTTAATCATATGTAGTCTTATTTATGAC
GACTAAAATATCTCATTTAATCATTGGACTACATCTAGGCAGCTACACTTTTT
TTCCATACTCATAATTAGTGTGCAGTGTTTTTTGTGAGGTGTGTAGAATCPRA
AGTGTCCAGTGGGTGGGTTGATTTTCATGTATATTTTTTTTCAACTGTATGGA
ACAGCTCTCAGCTATATGTAGTCTTATTTTTTTTTTGGAAATTATCTAACAATA
ATTAGTGTACCTGCCCGGGCGCCGCTCAAAAAA

>SLP27_G0O479116
CATTGTTCTCGGCTGAGCTCTTTGTGTTCTCTAATAAGCCCGATGGGGT G
GCGCAGGGCAATTTGGGGTCGCTGATGGAAGAATCGAAGCAAGAGGATTGG
TTCGTGGATGCCCTTAATGTCGGTCCGGTTAGCAGACCAGAGACTGTTCACGA
GGGGAATTGGATGAATAATGCGCCCA

>SLP28_G0O479117
CCTAGGGGGCATGGTAGAATAACACTAGAGTTGAAGCCTCTGATACGATC®A
CAATGTCAAGGCCAAGATCCAAGACAAGGAGGGTATTCCGCCCGACCAGCA
GCGCCTGATATTCGCGGGAAAGCAGCTGGAAGATGGCCGGACGTTGGCGGEA
TACAACATTCAAAAGGAATCGACCCTGCATCTGGTCCTCCGACTGAGGGGS
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GTGCCAAGAAGCGAAAGAAGAAGACCTACACGAAGCCCAAGAAGCTCAAGC
ACAAGAAGAAGAAGATCAAGCTCGCTGTTCTGCAGTACCTCGGCCGCGLCCa
GTCTA

>SLP29 _GO479118
CACAGGCCTTTCGGGCCTTTACTCTGATGTGTTCTGAAAGCTCATCGACABG
GTTTGCTTTAAGGATTTGAAAACAAATCAAGCGGAAGTTGAAACATATCTTA
TGTTTATAAGGTGGTTATGTTAATTAGTTGCTTGTTATTCTTTTAAGATGTTGG
TCTCGCCTAGTATTCTTGGAACTAAGCGTGTAAAAGCTCCCATACTCTCCTG
TATCAACCTGCAAAGAGTTTCATGATTCTACCATTTGATAGGATGCATTATTG
AAGTTTATATGAAAATGGTGAAATGCCAGCACTTAAACTTGGATGATAGTAC
CTCGGCCGCGACACGCTC

>SLP30_G0O479119
CCATGTTACCAGTAGGATGATGAAATCTGACAGCGATCGTGAGCGGGACTA
ATATCTGAATTTGAGAAGAGTTCTCTAAATCTGCAATTCCTTTTTATTGTTGAT
TCTGCTAGTGCAGCAGAAGAAAATCTCTGCATGAAGAGAGAATGTTAATGAA
ATGCCAGTCCCATGAGTTTGGGTATATTCTATGGGTTTACATCTGGAATGGT
GGTGCAATTATTATTTGAACACTTGAAAACATGAATTTTAGAATGCTTCAA GT
TTCAAATAACTTTTTTTCTCATATCAAATTATTTTTGAAATGGCAATGATA AA
CTTCAACTGTAG

>SLP31_G0O479120
TCCCTTGTGATGAAGAAAGGCTGGTTCGAGAGCTTTTTGTTATGGCAAGAG
ACATGCTCCCTCGATTATATTTATGGATGAAATTGACAGTATAGGATCTGCIC
GAATGGAGTCTGGCACTGGTAATGGTGATAGTGAAGTCCAGCGAACTATGC
TGAGCTCCTTAATCAACTTGATGGCTTTGAGGCATCTAATAACATTAAGGTTIC
TAATGGCTACAAACCGGATAGATATTCTTGATCAAGCTCTTCTTCGACCTGST
AGGATTGACAGGAAAATTGAATTTCCTAATCCTAATGAAGAGTCTCGTTTTGA
CATTCTGAAAATCCACTCAAGAAAAATGAATCTAATGCGGGGCATCGATCTA
AAGAAAATTGCTGAAAAAATGAGTGGTGCATCAGGTGCAGAGCTTAAGGCTG
TATGCACAGAAGCTGGGATGTTTGCATTGCGGGAGCGACGTGTCCATGTTA
ACAAGAAGATTTCGAAATGGCTGTAGCTAAGGTTATGAAAAAGGAAACAGA
GAAGAACATGTCACTGAGGAAACTATGGAAGTAAGGAAAGGATCAGTGGAT
TCGTTGGTTCAATATATCAAGCTACTGTGTGTATTTCAGTGGGTTAAACATGT
CCAAGTGGTTGTATTACTTGCGATGGCAACATGGAAATAAGTGGATATTTIGC
AAGTGAAATTTGTTTCTAAATTCATTTTGGGCTTGAAGATGCCTTGGTCTATA
TATTCTCTGCGGGAAGCTTGGACCCTGAATCAAAAAATTTAGTTAATTTCCAA
AGT

>SLP32_G0479121
CCCCCGGGACTTCAACTGGAAGCAAAGGAGGAAGTCCCTCAGGTTGAGAAG
GTGGCCCAAGAAACGAATGGTGAGGATGATGGCGAGACCGATCGAGGTATA
AGCGCAAGGTTCATGGTCAATCGCTCTAAGCCTCGGTCACATGGCTTTGTCC
TTTTGATGATTACGATGCTGCCCCGCCTCGAGGATCATATAGCCGTGTCTAC
AGCATGAATATCCTCCTCGTCAAGGTCATGGCAGCCACACCTACCAAGAAG
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TGTAGAATATGAGGTGTCTGATGAAGAAGATGGTTACGAGGAGAATTATGGG
CACCATGGGCACCAAGCCATACCCTACAACAAAAAGCCTCAACAATACTATA
GACGCGATACATATGTTGTGGATCAACCGCCACCTCCTCCTCCCCCAC

>SLP33_G0479122
CAAGGTAACTCTCCAAATAAAGGGAGCTGTGATTCTTGTTGCCCAATGTTTT
AATTTTTTCCCGGACACCTCAAGAAACATTAGCTTCTTCATTGGAATGAAAGA
AGGGAGAGATGAGTGTGGACACTGGTTCCAGCGGAGCCATATGAGATTTGG
GACTTCACGCTCTTCAGAATGCGTTCCAAGAGGGAACCTTCAGTATCAACA
GGTGTAACCTCGTCATTTGAATAGAATCAAAAGCATCATCATCATCATGGCAT
TCGCTAAGAACCATTCTAATTCCCCGCACGGTTATCATTCCCTGCCCATCAT

>SLP34_G0O479123
CCTGGGGAGGAGGGCACGGGATTCGAGATCCCAGAAGGGCATTAGGGTTTG
GCTTGGAACATTTAACACTGCGGAAGAGGCCGCCAAGGCGTATGATGCAGS
GCTAAAAAGATCAGAGGCAAGAAAGCCAAGCTTAACTTTGCTGATGGCTCCT
GCTCTGTAAAAGAGGACAGTCGCAACAAAATGTCAAGGAAGAAAGTAAAGT
CCTGTGCCAAAAACCCTGATTTATTATTGGCTTTGAATATAAAGAGTAAGGTA
AAATCTTCATATTCACCAAAGCCTGATTTATTAGAGGATTGCTATCTTCAAAT
GGAACGCTCTTTGAAGGATGTCCGCAGATCCGATCTTTCAATCTATGGCTEAG
ATGATATGGAGTACCTCGGCCGCGACACCGCT

>SLP35 GO479124
CAATGGGGGGTATAAAGATGGATTTGTATGAATTGTTAACAGGTTGGTAAGA
CAGGCTGAGTGTGAGAATTAGCTTTGGGAGTAGCAGGCCAGAAATTAAGCA
TCATGTTGGATAAGATATGGGATGACACTCTTGGCGGCCCGCAGCCAGACA
GGGCCTCAGGAGGCTTCGCAATAATTCAGGCAAATTGCAGGTGAGCCCAGA
GATATTGACGAGATGAATCTAAAAGAAGGGAGTGGGGGAATTCGTGTGATTG
GAAAGCCGCAGAAATTCGCTTTTCAACGCTCGTTATCCCTGGAAAATAGCC
CCCATCTTCACCAACTGCAGCCTCTTCCTCATCCGCTTCCTCTACTCCACE
ATCGGGAGAATGTATGGAGAAGTGTGTTCAATCCGGGGAGTAATATCAATTC
CAAGACAATTGGGTCTGCAAAATTCGACAAACCAGAACCACAGAGCCCTAGG
GTGTATGACTGGCTCTACAGTGGAGAGACTAAATCCAAATGGCGTTAAAGAC
GACCTCCTCTTCCAGCTTCTTGAATCCATGCATGGTGATGCATGCAGTATTA
TTTATGTACCTCGGCCGCGCCACCCCCTAGAA

>SLP36_G0479125
CCCCACTTGCCAGCGGCAGCAGCAGCAATCTCCTCCTCTATCTTGTGCCTT
AGCGTTCTCCGGATCCTTCTTTGCCTCGTGCTTCTCATACAGTGCATAGOTC
TGCAGCCACGGTTCCGAGCTCCCCAACGTGCTCCATACGCTTGTGGTGTTT
CCTCCTTTAGGGCTTTCTCATATTCGCTTGTTTGATCTTCCTGATAAGCABAC
CAGTGTTGTAACCAGAGGCGGCGTTATAGTCCGAGCTAGTCTGATAATCGS
CGATCCATAGGCGCCCTGATCAGCACCCGATCCGTAAGCATAGTCTGAAGE
ACGTTAACGTTACCCTCGTCCTCTTCCTTCTTGTGGTGGAAGAGGTGGTGRG
GTGCTCGCCAGACATGATTGGAGAAAAGAAAATAAAATATGGTGGCGACTA
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GAACCCAAAAACAAACACACACAGACTTGATCACACAAATGAAGAGCAAAC
TATCTATCGAGGATCCCCGCGTACCTCGGCCGCGCCACCCCCTA

>SLP37_G0479126
CGGTGCGACCAAGTCGGAATCCACGGGTTACAATGTGTATCACCTTGCAGA
GGGATTCATACGAGAACCTATACTACGTGACCGACCCAGCAGCGTGCAACG
TTTTCCGGAGGACTTGCCTCAATTGCGATTGGTTATAGAGAAGTTACTGGAT
TCTTGGCTCGAACGGTGGAGTTTATCGAGAGCCTCATCTCGCAAAGCCTC®
ATTGCCTGCTAATTTTCTCAAGGAATTCAACGGTGACGGAATCGAGGCGTTA
AAGTGCTCTGCTATCCGAAAGCCAGGAGTCAAGAAGAAGAGGTAGGAGCGC
GAGCGCATCAAGACAGTAGCTGCATCACCATCGTGGGACAAGACGGCAGCG
GAGGGT

>SLP38_G0479127
AAAATCGTCGAAACTGCTGGCGAGTGGATTCCTCCGAACCAAAAGCCCCCE
CCTGGGCATATGGCGTTGCCAAGACGCTTGCAGAACAAGCAGCGCTGCAGY
TGGAAAAGAAGATGCGGGGCTGGATGTGGTAACCATCAACCCTGTGTTGGHE
TTGGGATCTGCCATTACTCCCATCGTCCCCTACACCATTGAGATAACCCTTC
TCTACTCACGGGCAACAACCAAAACGTAGAAGCTTTGAAGGGGACACAGAC
CATATACGGCGGTATTTCGTTGGTTCACGTCGATGACGTATGCAGTGCTCPA
TTTTCTTGATGGAGAACCCCTCTGCAGAGGGCCGCTACATTTGCAGTGCCAC
AACATATCTGTCCCACAGCTGGCAGACTACTTATCCAAACGCTATCCGCAG
ACCTCGGCCGCGACACGCTA

>SLP39_G0479128
TCCCGGGAGGCTTCGGCTGCGGTATCGCTTCTTCATTCCGATAGAACACAAS
GTCTCAGGAGTAAACAGAGGTTTTTGGCAAGATGTGGGATAGATTATACGT
TTCTGTAAGAGCTGCGGTCGCATCACAGTTATTTGGAGGGACCAGGGAGOY
CGTATAGTGGCAGCTATTGATCCGGAAGTTTCCAGAAGGAGTTTACATCT®G
GCAAGGACAAGCAGCACAGTTTGGATTCTCATTTTTGGACTTGGATGTTTCG
TCTGGATTTTCTTCCTCCTCAAGCTTTGCAGAAGTTGCATTTGCTAGTGASCT
GTGACACCAAATGCAGTTTATGAAGTTGGTGAATTATTTGAATTTGGAATACA
GTTAATTTACCTTGGAGCATTAATTAGCTTGCTTGGGGTTGGGAGTTTTTTGT
TGTTCGCCAAGTCGTTATTCGCAGAGAGCTTGAAAATGCTGTCAAAGAATTG
CAGGAACGAGTTCGTAGTGGTGAAGCCAATGCAGTGGAATACTTTGAATT G
GTGCAGTGATGTTGAGGAAAAAGTTTTACCCTCTTGCTGCTAAATACCTTGRA
CAGGCTATCGCGAAATGGGAGGGTGATGTTCAAGATCTGGCACAGGTTCAA
ATGCACTTGGCTTCAGTTATGCAAGTGATGGAAAATTAGATAAGGGTATCAC
GCACCATGAGAAGGCTGTGGAACTTCAACCGGGATATGTAACAGCTTGGAA
AATATGGGTGATGCCTTTGAGAAGAAGAAGGATCTGAAAGCTGCACTCAAAG
CATATAATCAAGCACTTATTTTTGACCCAAATGATAAAGTCGCAAGATCTT GT
CGAGATTTCTTAAAAGAGCGCGTGGACCTTTTTGAGGGTATTCCTTCTAALC
AAG
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>SLP40_G0O479129
CATAGACTCCTCGTGTCTACACCTCTGATCGCTTCCTGCTTTGCTTTGTGAN G
TTATCGATGTGTATGGGTAAATAACAGTGATGGTATCCAACTAGATGATGTTG
GGTAGCTCAGTGTGAGATTGATAAACAGTGCCGCTACCAAGGAGATCGATA
GCTAAATCCAATGGCACGGAAACCTTGGTAGGTTTCCCAGGGGTAAATGAT
CCATCCTTGTTCCTGTCAAAGAAGGCCACATGCTGTTGAAGAACGCTCATGT
ATTGTGTTGGTGTCCCTTGGATCCATTAAGACACTCCGGATCAACTGCAACA
GAGCCCTTGCCAGATATGGTTTAGGCATTTGATCTTCTAGCTCTGTGTTCAC
TTCCGGCGTGAAGTAATAGGTGCCTTCGCCGCAACCGTCTGCAACGATTA
AGAAGCTTTCTCCATTTTTGTTTCTCTTCTGTTCTCCACCAATCCTGAGGGKCA
ACTGGTTATGTTCTTGAGCCTTTAAAACGATTAACAAAAGAGACCCGGGCTIT
ACGCATCGTACCTCGGCCGCGCCAACCCCT

>SLP41_G0O479130
CATGGTCTGTACTGCGAAACGAGGGGAAAGATTTCGTGAAGGTTGGTTCGA
CTGTGTTTCCGATTTATGGGAATTTTGTTACCGGGTATGTCTGCACACAGCC
CGTGAACTATGTGAATGCAATTAGACTGGGTCACACAGACTTAACTGTGAA
GACGAAGATTCAGACATCGATGGAATTGAAACTCCATTAATTAATGGGGGAG
GAAGGGACAACGGAAATGATGGATTGCTGGGAAGATGGGATAGGAAAAAGT
AAATAAGGCGTGGAATTAATTGGTTGAACGCTACTCCTGTTGGTTGGTGGA
GAGTGGTAGCTTCTTCATTCCTTTGCGTTTAAATGTGCGCAGCCATGACABA
TTGTGAGGGAGTTTATTCTCCATTCACGAGACTTATCTATTAGTGATAGTTTA
CTATTGACGAGACTTATCTATTACTGATAATTTACTGTACCTCGGCCGCGAEA
CCGC

>SLP42_(G0479131
CCTACGTTTTACTTCATAAGCGGCAATACAGGAAAGGTAAAATGAGGGTAGG
CGTAGCAAGGAAGGTGGAGTGACATTCAGATGGTGTTTTGTTGCAGAGGGC
CGTTCTCAACCCTCCATTTTAAAATTTGATCATGACAAGGACATGAACTTGIT
GTCTAAATTTGATTATAACATTGACATGAGTTTGTGGTCTGATGGCATTGTGG
AAAATTAACCAAACGCAGGTCTCAAACCCCATCGTCAATACCGAGGAAGACT
TTTGGGGTAACCAGTAACTGGACTTGGTATCCCTTGATCTTAGTGATGAGAG
GATAAATAAATGTCACTTGTCACATTAAAAGAAAATGTTATTGCACTTCTC TT
AGATC

>SLP43_G0479132
CAGGGGGATCTTCCTCTATGCCCTCTCTAGAAATTCCATAGAGTCCCTATAG
TTACATTTCCATGGTCATGAGTTGATCGTTGATTCAGAGCTCGAACTGAATA
TGGAAGGCGCTATGGATTACTCGGGCTCAATGGATGTGGTAAGCCTACACT
CTCACTGCTCTGGGATGTCGGGAGATTCCCATACCAGATCATATGGACATTA
TCATCTGACCAGGGAAATAGAAGCAACTGATATGACTGCACTTGAGGCTGTG
ATGAACTGTGACGAAGAGAGGCTAAAAATAGAGAAGGAAGCTGAAGCTCTT
GCTGCACAAGATGATGGAGGTGGAGAGGCACTAGATCGATTATATGAGCGT
TAGAATCCTTGGATGCTGCAACAGCAGAAAAGCGAGCAGCTGAAATATTATT
TGGCTTAGGTTTTGATAAAAAAAATGCAAGCAAAAAAGACAAGTGACTTCT C
TGGTGGTTGGCGTATGCGAATAGCTCTGGCACGAGCGTTGTTCATGAATCIA
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CAGTTTTGTTACTAGATGAACCTACAAATCATCTTGATCTTGAAGCTTGTGIA
TGGCTCGAGGAAATGCTGAAAAAATTTGATCGCATTTTGGTTGTAATATCACA
TTCGCAAGATTTTCTCAATGGAATTTGTACCTGCCCGGGCGCCGCCTTAAA

>SLP44_G0O479133
CATTGCTGGTCGTCGGTAGTGAGCTTATCGCAAGGAGAGTATAGAGGCGCS
TAAAAATGGAAGCCGTGGACGCTGTCGTAAGGCCGCTGCAGGACTTTGCCA
AGATAGCGTGCGCCGCGTCAAAAGATGTCACAAGCCTGATCGCAAAGAGTT
AGTAAAGTGGCTTTCAGAACGGCTATTGGATTTGTTGTTATGGGATTTGTGG
TTTCTTTGTCAAGTTGATATTCATACCAATCAACAACATCATTGTGGGATCAG
GATAGATGAAGCAGACTATGATGAAGTAGAGATGAGAAGGCCGAAGTGACA
ACTCACCAACAATTAAGGTGGTTTGAATTAATTTGACATGATCTTTGGTCATT
TTAAGAATTTTCAATGTTATTTGAGCACATAAATTAATGTGCATTTTTTAT ATC
CTTGGACTCAGACTTGCAATTGGCCGGGGGTCAACTCAGATTCGGACTCAG
CTTGGTACCTCGGCCGCGCCACCGCTA

>SLP45_(G0479134
CCTTTGGAGACATGTTGCTGCTTCAAAGATGTACAAGAAGAAGGACTTCCAS
TCCTCTGGCGAGGCCTTGGAACTGCTGTGTCACGTGCTTTTTTGGTAAATEA
GCTATATTTGCAGCATATGAACTCGCATTGCGTTGTTTCTTCCCAGAGACRAC
GGATCAGGTGCTTAACACTGCTGGTTAGCTCTGCGAGAGACAGAAACACTA
ATTTCAAATGATCTTCATGGGGAAGAATGATAATCAGTGTATGGAATACAGT
GTATTCTTTACTCTGTGTCGATCCTTTTAGTAATGTAAATTCTTGTACTTCCAT
ATTGTTTAAGAATGAAATATCTGTTGCATTTTCCAAAAAGGAAACAAAAAC A
ATATATTGTCAGATGGGGGATATTATAGAAGCTTCAGATGTGGTCCTGGAGT
CTTCAAGGAGGGAGTTCCAGTTCCTTTTTCATGAGTTGGGTATCAAAAGCTA
GCGTTCAAAGG

>SLP46_G0479135
GCGGCGCTCGGCAGTGGCTGCAGGGGTGCAAAAGACCGTCGACCTTTCTTT
AGTGAGAAGACAGTGGAGGCGCCCCTATTTGCATCCACGGCTTCTGACATG
GATCTTTTGAGGGTTCTGCTACTGTGTCGGGAGAGAGTGGGTGCTGCGCTT
GGCGGTTGCAAGTGTGGATCCAACTGT

>SLP47_G0O479136
CATCATGGTGATTTGATTTTTTTTGGACGGATGAATATTTGGTACAGTGAG G
ACATCTTGGGTAGAGTGATCTACTGCCTGCGCTCTTCTGTGGACCATGGTIL
ATCAAAAACAGTGAAACTGCAATGCAGAGAGATTCCCCAGCCTTGGCTGTGS
AGTTGGATATAGATGAATCGGCAAGGAGCCCCAAGACATGATGCTGGCATA
TCCATATAGGCCTGATTAACACGTCTTGTAAATTTTAAAGTTCCTCTTTTGTGA
GGCATGGTTAAATGTTTTCTGCCTTTATTCAAGGTAAGAATGAAGTATAAAGG
TTTATGATGATGTGTGCAAAAAGATTATGATCCTGCATGATTTCTCGTTGATC
ACTGAATTTTATTGAAGAACCCAATTGAATTTCTTCTCTTATTCAAAACGCTT
ATTTCATGGCATGAAGCTGGATTCTCAATCAAGTTGATGTCCACTATAAGAGA
TATGTATTGTACCTCGGCCGCGCCACCGCTTAGGGCATAATG
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>SLP48_G0O479137
CACAACTTGTGGTCAAGGCCCAATGGATGTCAACCATGCTGTTTTGGCCGIG
GGTATGGTGTTAGTGACGAGGGGACTCCACACTGGATCATCAAGAATTCCE
GGGAAAGAGCTGGGGTGTTGATGGATACTTCAAGATGGAGTTAGGGAAGAA
TATGTGTGGTGTTGCGACTTGTGCTTCGT

>SLP49_GO0479138
CCTGACATTTATGCTTTCCTCGCTCCAACGAGTGTTCCGAAAACATATCCTT
GGTGGCAACCTTGGTTGCTTTAAAAACTACATCGAAAGATAGCTTCTTGGA
GTTTGAGAGAATTGAAGAATTTCTGGAGAGACCTTCACAGTCAGACCCGG/S
GTGCACCGATGGTAACCTTGTAAGTGGGTGCGAGATCAGGACTGATGTTTG
GACGCTTCTGCTTACAATTGTGCTCCCATTCACAATATTTAACTTGGAAATGG
CTATACTTGGATAGTTCATGTTACTGATCAGATCCACCTTTGCACCGGATGA
CACCTATAGGTTTTATTCGCAGCGATGAGCTTGATATTCTCAGTGTCCCCGC
GTACCTCGGCCGCGACACGCTT

>SLP50_GO479139
CAAAGGTACGTGCTATAAGAAAAATATAAAGTAGCAGATAAATCGTTATTG G
CACTAAAACTTCCAAGCGATGACCAGCCAAATATATGTAACTTATAAAAAT T
CCATTACAACTAACTGATGGATCACCAATTCAGCTTTATATGCAATACAATTT
CCTCACGGCATGTGTAATAACTGCACAAGAGGCTCGAAGCCTTGAGCTAAT
TTAGGGACATACATATTGATATACTGCAACATGTTACAACCGACTGCCCACA
AAAATCAACCCAGACCACTACTTCCTGCACCATAACTCACAGGCCGCTCGA
AAGTTTAATGCCGGCCCTCTTGTCCCACTCAGCTGGTGAAAGGGTATCTCIA
TAGCTTCCTGGCCTTCCCATAGAATCTTGTCGGCCACTCCAAATTCCACAGT
TCCCTGGGAAACATGTACCTCGGCCGCGCCACGCT

>SLP51_G0479140
CCCCGGGATTCGAGTTCTGGTGGTCGATTCTGAAACTCTGGGATATCATTRG
GGTCAAGCCCAAGGACAGGCCTGCCCGGTTGTAGTGCATTTTACTGCAGARA
GGTGCGCGCCTTCGAAATACATGGCGGGGTTTTTCGAGAATCTGGCGTTGA
GTATCCTGACATCCCGTTCCTGTTAGTTGATGTGGATGAAGTGAAAGGAGTA
AAGACAAAATGGATGTAAAGGCCATGCCCACTTTCTTGTTAATGAAAGGGAA
TCTGCAGGTCGACAAAATAGTGGGAGCCAACGCCGATGAGTTGCAGAAAAG
GGTGGCCGCTTTTGCTCAGAGCATTCGCGAATCCGCCGAAGTCCAAGTCPRA
AGCCTATGCCTGCTAAATTTATCTTTCACTGAAGTTGCAGGAGTTTTCCAAA
ATATACAGATAATCTGTAATTTAATGTCCTCGTGGTTTTGACATTTTATAGAA
TTTGTTCATTATAGTTGTAGGGTTTAGTTTTGGGTTGTGCTCAAATAATTAGGT
TTGGTCTCCACATACTGTTTAATCTGAGAGACTATATGCCTGAAAACGAACTG
GAGCAAGTGCGACTTCTTCCTTTAAAAAAAAACTCTTGTATGGTTTGTTTTAT
TCTAAGCTTTGGCTTTCCTGTAATGTATTGTTGTAATGTGATAAATATCTTCAC
CGGTTTATTCACAGTTTGGTCTTACACAAACAAATCCAGCCTCAATTTTTITTT
TGTAAATATCTTTGGAGAAATGAAACAGAGTTATTCAC
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>SLP52_GO479141
CATGAGTTCTGGGCAGGGCGTTTCTGAGGAGAAGAAGCCGAGGTCAAGATT
ATGGTGCGGAGCCAATAGAGAGTGCTGTTATATCTGGAGGCAAGCCAGGCC
TCACAAAATTCAAGGAATTGGTGCTGGTTTCATTCCTGGGAATCTGGATGGA
ATATTCTTGATGAGGTCATACAGATTTCAAGTGATGAGGCTGTTGACATGEC
AAGCAGCTAGCATTAAAGGAAGGTTTGCTGGTGGGTATATCATCAGGTGCTG
CGACTGCAGCGGCAATTAGAGTTGCAAAGAGGCCTGAAAATGCTGGGAAGT
GATTGTTGTGATACTCCCAAGCTTTGGAGAGCGGTATCTTTCTTCGGTACTC
GGCCGCGACAACGC

>SLP53 GO479142
CATGGTGCAACACATCTATATTTTTTAGAATGTTGCAGTCCCGAGAGACCMC
CACTACAGACTTGATAGATACTGACACATTCAATAATTTTTCCATACCATTGA
TGACTAGTCATAATTTTAATGACCCATCCCAGCTCCTTGTAATCCTATTTGCT
CATATCTATTGAACTAGTTTACATCTGGCTCAAGCAATTTCAAAGAATGGAAC
CCAGATTGTCTCGTCTCTCCTGAAAATTGCATCAACCCTTATATTTAACAAGG
TGGTTGAATTTAGGCTTTATATTTAACCCATCACAGCATCCTGTCCACAGAAT
ACTCCTGTGTGTCATCGGAGTGGAGTGAAACAACTCGTCGTAAATATCAAT
ATTTCAGAGAAGCAAGTGAATTATTCGTTTAAACATATATATACATCTCTG GA
TCATTTGATTTATCATGTTCCAGTGCCTTCGATGT

>SLP54_(G0479143
ACATCGGGGGGGGCGTCGTTTGTTGAGAGGAGGGCTCCGCATTTCCCATGG
TAAGATTGACCAACACGAATGTGGAAAGTTGGCGAACGTGTTCGTGCAGT®
AGCCTGCTGGGGACTTGGGTCCTCTTTATCCATTTACTGCAGGTGTTTATIE
GCATTAATGATGGCACAGATTGAGATCTTGAGGAAGAAGGGACATTCATACT
CGGAGATAATTAATGAGAGTGTGATTGAAGCCGTGGACTCTTTAAATCCTTIC
ATGCATGCACGGGGTGTTTCCTTCATGGTGGACAACTGCTCAACAACAGCE
GGCTTGGGTCAAGAAAATGGGCCCCTCGATTTGATTATATTTTAACTCAAGRA
GCTTTTGTGGCTATTGATGCGGGCTCACCCATTAACAGAGATCTCATAAGAA
CTTTCTTTCTGACCCTGTGCACAATGCTATAGAAGAATGTGCAAAATTACAECC
CGACTGTTGACATAGCAGTCACAGCCAACGCGGATTATGTAAGGCCAGAAT
ACGGCAGTAAAGTGTACCTCGGCCGCGCCACCCGCTA

>SLP55 GO479144
ACAACGGGAGTCGCTGCCTGCTGTATAGGGGACATACAGACTTCTTTACCOTIC
AAGTATCATACAATGAACTGTGGAATTATATTTCGTGGTCCTGAAAATCCTCT
TCCTCCAAACTGGCTTCATCTTCCAGTTGCATATCATGGGAGAGCATCCTUG
TTGTTATCTCTGGAGCAGATCTTCACAGACCTAGAGGTCAAAAACGTCCAA
GGGCACACCTACACCAGGATTTGGACCAAGTGTGAAACTTGATTTTGAGCA
GAAATGGCTATGCTGGTTGGACCTGGAAATGAGTTGGGAACGTCCGTGAGE
TGGATGATGCAGCTGATCATATTTTTGGGCTGGTTCTAATGAATGATTGGAST
GCAAGGGATATACAGGCGTGGGAATATCAACCACTTGGGCCATTTTTGGGA
AGAGCTTTGGAACAAGCATCTCACCCTGGATTGTCACTCTAGAGGCCTTAG
GCCTTTCACCTGTGAAGCACCTTTACAGGATCCACCTCCCCTGCCCTATGR
CTGGGAAAAGTAGCAGGACCTATGATATCCCTTTAGAGGTTGCCTTAAAACT
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AGCCGGGGAAGAGAAAGCTTCTGTTATTTGTAAGAGCAACTTTAAACACCTA
TATTGGACACTTGAACAACAACTTGCACACCATACCATCAATGGTTGTAATTT
GAGGTCTGGAGATTTGCTAGGATCTGGAACCATAAGTGGGCCTGAGCCTGA
AGTTTTGCTTCCCTATTAGAGCTATCATGGGATGGGAAGAAGCCACTGAAL
TTGGAAATAATATCTCTCGAACATTTGTGGAAGATGGTGATGAGGTCATTITA
ACAGCATGCTGTCAGGGAGATGGATATAGGGTGGGCTTTGGTACCTCGCG

>SLP56_(G0479145
CACATGTGTTTCGCGAGCACTGAGCATTTTGTAAGACGAACTACATAACAAA
TGTAACAAGGACGTGCAAATGACGGTCGTAAATGGCAATGCTGCATATACAG
AAAGGATACCATTCTAATTGCATTTTTCATTCACAGATTCCTCTTTAAGCTGCT
GCAGCTGTTGGCAGCAAGCCATTATGCCTGAGGAGTGGATCCGTAGATGGKC
CTCTACCCCGAAAATCTATGAAAACCTTCAATGGGGGCCGGCCACCACCCA
AGCAAGAACAGTATCCCTAAATCTTTTTCCTGTCTCCTTGACAGCCTTCTATT
ATCCAGTCCAGCCTCTTCAAATGCTGAGAATGCATCTGCGGACAGAACCTE
GCCCACTTGTAGCTATAGTAACCTGCTGCATATCCACCTGCAAAGATATGA
GGAAACTGCATAAGAACCTATCTTCCTGCGACGGTGGAGGAACTTGTGTCT
CTGAGCTACCCTCTGATCAACATCGAAAATAGTCTCTGAACCACCAGGAAGA
TACTTTGAATGCCCCGCGTACCTCGGCCGCGCCACCCCC

>SLP57_G0479146
CCAGGGGGGGTAGCGGCATGGGACTCTCGGAGTTTACGCGATGTGAAAGAT
TTCAGAACTCAATAGAGACGCTCGATCTTGGGCGCTTTGCCGTTGATGAALC
AACAAGCAGCAGAATGGCGATATATCGTTTCGTCGAGTGGTGGCGGCAAAG
AGCAAGTTGTAGCGGGGACTATGTATCATCTGACCATAGAGGCCGAGGAGG
CGATAAGCCCAAGCTGT

>SLP58_(G0479147
CCCTGGGGCGCTCGTATTAACCACTATTTCGTCGTTTGGTGTAGACTCAGKA
GCAATCTTAGCTGTTAACAATATTTGACCTCGCTTTCATAGCTATCATATTAG
TCTCAAATATATAGTCAGTAATAGAAACATCTTCTTCCACTCGATAGCAACTA
CGGGTATTAGAGGATGATACCCGTATTCTTGGCTATTGATTACGGGTAGGTC
AAGGCATGTCATATGTAGGATGATACAATTCTACGACTCTAAATAAAAGGAC
AAATTTCGCATC

>SLP59_(G0479148
CAACGTGCTCATTTCAGAGGTTATATAAGGCAAGAAAGCATGTTCTATCGTC
AATCTAAGAATCCATGTATTTGTTCTCGAGGAAAATTCTTAACAGTAATGA CA
TGATTCTAAAATAGACAAATTATGCTGCAAATAATTAACCTCTGTTTTTAC AT
TTTGACTTTGATCTGGCAAAGCTTCAGGTTGAAATGTAACTCCATACATATCC
ATATTCACTGTGACCTGGGAGCTCTGCACCTGCCATTATACCGGATCTATBA
TTGAATACATAACTATATACACACATACATATCCAACTTAAATTCGGCATG TT
TTTTCTCTCTTTCATCTTGTTTAGTGACAAATGAGTCTAAGCCGCTGGAGTTT
GCAACAGAGATTGAGAACTTCATCCAGGGGAGCATGATCTCCAGTACCTCG
CCGCGACAACGCTA

206



>SLP60_GO479149
CAGTCACGGCCGTTGTGAAGAGAGGCAAAAAGCCAGGAATACTTCTTCAAA
ACTTCTCCCGGGCACTCACCATCCTCTCTGAGAACAATCCTCTCACCGGGIT
CGAGGAGAAATCCGTCGGCAGTGCTCGCTCAAAAACAAATTGCACACAAAA
AGCAAGCGTTGAGCGATAGCTCAATGCCGCAGTGGTGGGAGTGATAGCGTS
TGCCACAGTGGTGGGCATTTCATATATAAATTGCAGTTTGCGTTTTTATTAGA
TAATCATAATGGTGTGGTGTGACTATGCCCTGCGAATCACATCGATGAAC®
CAACCGAACCGTGGAACAGTAGGCTTATTTCCTTATGTAAGCAGAACCTTTA
TTATAAACAAAAAAGACACAATCCTGTCTGTTATTCT

>SLP61_GO479150
CCCATGCTTATGTACTGAGGTTCTCCGCCAAAATTTAAGCAGCACCGTCAAG
TAGAACTGCTGGTGTCATGACCTGCATATAATAGCAGAAGGATATTGTCCTG
AATCTCGTTGTCTGTGAGAGACGAACCCTGCTCGTCAACATTAGAGAGCAG
AAAGACAATAGATCTTGCTCTGGAGAAGCTTTTCCCATAGCCAATGCATCTIT
CCTCTCATTAAGAAGGCGACCGAGTTGTTGGCGAATGGCATTAGCTGCGOG
CTGGCTTTGTTATATCGCGTACCAGGTAGATCTATGGGAACCTGCATTACTC
TTTCACAAAAACCATAAAATGACGCCAAAACCTCGCTTGCTCTTCTCGATTGT
TTATGGTTGCAAACAAGTCACAAGCGAGAGAGAAAGTGTAACGTTTCAATAG
AGGTAAAGCCCTCACCTCATTTTTACCGATCCAGTACCTCGGCCGCGACAB
GCTAAA

>SLP62_G0479151
CACTTGCGCTGGGCGATGCGTTTGGGATCCAAGGATTAGAAGTATCAGCATC
GGGGTTAGGTTGCGTGGGCATGTCGGACTTCTATGGCCCTCCAAAGCCCGA
CAAGAAATGATTTCCCTTATCCACTATGCCGTCTCCAGAGGTGTCACTTTCT
TGATACTTCGGACATTTATGGCCCTTTCACCAACGAAATCCTCATTGGAAAGG
CCATTAAAGGAATTAGGGAGAAAGTCCAATTAGCCACAAAATTTGGGATAGC
ATATGTGGATGGAAAACCAGAAGCTCGAGGAGATCCTGCATATGTTCGTGO
GCCTGTGAAGCAAGCTTGCAGAGACTTGAAGTGGATTTTATCGATCTTTATA
TCAACATCGTATTGACACTAAAGTCCCCATTGAAGTGACGATTGGAGAACTG
AAGAAATTAGTTG

>SLP63_(G0479152
AACGCCGGGCGGTATGCAGACAAACGGTGGTTTTTCTAAGAACAGATCGTA
ACCCTGAACCCTCATTGTCCCCAAAGATTATTGGGC

>SLP64_(G0479153
ACAGGGGGGATGTAATTGGGACAGGGGTTCTGGAAGGCCGAAGATACAGCT
ATAGACAGCCGGGGATTGGTTTACACCGCCACCCAGGATGGTTGGATTAAE
GCATGCATTTGAATGGATCGTGGGAAGACTGGAAGATGGTTGGACTTACTC
TCTTGGGCTTACTGTCACCAAGAGTGGAGATGTTCTTGTTTGTATGCCCAEBC
AGGGTCTGCTTAACGTCAGTGATGATCAAATATCTCTTTTGACTTCTGAGAA
GATGGAATTCCAATCAGGTTTGCTAATGCGGTAGTAGAGGCTAGCGATGGA
GTATATACTTTTCAGATGCCAGTAC
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>SLP65_(G0479154
TCACTTGCGTTGGCCGCACTTGCAATCTTTTCCGAAATACATCTGCACCAAT
CCCATCTCATAGCTTGTCTCCACAATACCATCCATCTGGAATCCCTTCTTTTG
GTGCACTGGCTCTTGTCAGCGCAGTCGCAATTTCCGCAATCGCTCGACATA
TGCAATACAATTATCAGAAAAACAGATTACTTACACTTCTGAAGTTCTAAG TT
CTCCAATGCTCCCTTCCCCGCGT

>SLP66_G0O479155
CCTTGATAACTCTCCGTTGCCTCTGGATTTCTACCCACTAGTTTGCTACTBCT
TCTCAAAAAATTGGAACAATGTCAGAAAATGACAATTCTCTTGCTTAACCATC
CCAGATGCTCTCACTGGTCTCCTGAGACCGTCTTAATAATATCAGAATCACC
GGATCCATAATGCTAAGACAGCACACACGGTAATACTTGCCACAGGCTGTTL
CCAGATCAACATTGTTTCCATTGAAATGATGCACTCCAACCTTAGCAAGCATA
GCATAATACTCTATTTCTGATCTACGGAGAGGAGGGCAGTTATTTGCAATART
AATAAATTTTCCTTTGTTAGTCCTTATAGACTTGATGGTAGTCTTGTAACCCA
GTGTATACTTGCCACTCTTCATGACAAGCGCCAATCTGCTGTTGATATTCTA
TGAGCCTTTTTAGTTTTCTTTGTGGCCACCATTGTGCCTGTTGCCTGCAANAT
ACGCTCGCCTCGTCTCGCTCCGCCCCGCCCGCACTAAGGGTTTCTTAGACTA
AGAGGAAACAGGCCACC

>SLP67_GO479156
CCTATGCTCATGAGATCTCAAACCTAAGTTTTGTAAAGAACCTCTATTCTTCC
CTGCTTTGAACCTCTCCTCAAAGGAAGCTTTTACTCCCTTTAGCGCCGCORC
TTCTTATCGCGGGTCTCCAGTTTATCAAAAGTAACCACAGCCTTCAAATC@C
ATCCAAACTATACCTGGTGGGCATGATGTGGTTGTAGTTAACAACCTTGATGA
AAGCCTTCAATCTTGATTTCTTCGCCGTTTTCTTCGCAGAGTCCTTTCTGEGA
CCTTCTTAGGGTATTTCGCGATACCCGCTACAAGGCAGTGGCCATATGCGET
CCAGTAGTGCCATCGTCGAAGGTTTTAATGATAACGGCCTTCCGACCTGCS
AGCGTCCCTGCAAGAGAACGACAACTTTGTTTTGCTTCAGAAACTTCACCAT
CTCGCTGATCTCCCTCCACCCGCTCTTGCTCTTCCTCTTCTCTGCCTCGUEC
GT

>SLP68_G0O479157
AAATGCGAGGCTGCAAGTGTGAGTGCTGACGTTTAACTCGAAAACATAGTR
TCTATAAATCTGATGTTTTAGGCATTAAGCTGCCTAGAAAAAAAACGCCCAA
AAGGAGGTATCAAAGCCTTCTTCCTCGTCGTCCACCCTTTCTTCCGGTG@T
CCGTTGGAATTGGAGTCACGTCCTCTATGCGGCCAATCTTCATCCCAGATGA
GCAAGAGCACGAAGAGCAGATTGTGCTCCAGGCCCAGGAGTCTTAGTTTTA
TTCCTCCCGTGGCACCAAGCTTAATGTGCAAAGCAGTTATTCCCAGCTCCIG
CACCTTTGTGCAACATCTTGTGCAGCAAGCATAGCGGCATAGGGTGAAGAT
CATCTCTATCAGCTTTAACCTTCATGCCACCAGTAACACGAGCCATTGTTCC
TTCCCAGACAAATCAGTCACATGCACAAATGTATCATTAAATGAAGCAAAA A
TGTGTGCCACACCAAACACTTGTTCTCCTTCTCTGACAGTAGGCCCTAGTC
ACATTATCCTCCTTAGGTTCCCTGACCTTTTTCTTGCCAGACATTTTGACGAG
TCGCGAGCTTCTGGATCAAAGGAAAAAGAACAGGAACTATACGCCCTCTATT
CTCGCACACTCCAGCTGCAAAATGGCTTCTCTATCCCCGCGT
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>SLP69_GO479158
CACTTTGGGGGCTTGAGGTTGGGATCTCCGAAAAATTACAATCCTACATAMA
ATCCTCAAATGGTTCTCCACAGGAAATCATGAATGCCTATTTTGAAGCTCTIT
TTGACGGCGTAGGAAGAGGATTTTCAAAAGAGGCACTTATGGAGAAAGGCTA
TCTATCCAGAGTTGTGCAAGATGAAAATTCTCAGTCGATGCTGCTTGGTGTA
TTGAGGCATTTTGTAACAATGCACGAGCTGAAGCGGTCAAAGAGGTTTCTT
AGTTCTTAAAGTTTTATATGATGAGGACATCTTGGAGGAAGACATCATTTTCC
AATGGTATGATAAAGGTTCAGCTGGAAACACCTCACAACTATGGAAAACTGT
CAAACCATTTGTTGAGTGGCTGAAGAGTGCCGAAGCTGAATCAGATGAAGA
TAAGTCTTTATCCTCGTTGGAAAGTTACCTGCATTCTAGGAATCTTACAGTAC
CTCGGCCGCGACAACGCTACA

>SLP70_GO479159
CACTGAGACCTCTCGAGAAATGGATACATCTAAAAATTACACAAGAAAAGC G
TGTTTACAAACAGAAACGCTGCAAAAAAGCATTTTCCCAAGCATCTTCATGA
AAGGTGAGCATTCATCATTTCCCGATACACCATGTCAATGAAATGTTCATTCT
GGATTAATTTAACTAGAGCATCACGGATACCATCTCTTGTTATAATTGGTCCA
TGACTCATGCTTGAAGCTGGAGCAAGAGATGGAGGCGGAGTAGGAGGGGGA
AAAGGTTGAAGAAGGGGTGAACCATGTGAAGGCTGCAGTTGTGAGGGTGGT
GAACAGGTGGGGCTGTCAGTGTGGAAGAAATGGGTGGAGCCATTAATGCTG
AGATACCAATGGTGGT

>SLP71_G0479160
CCAGGGTCATCCGATTTTACGTGAAAATACCTAGAAGAAGAGATTATTAGGT
CCCGGGGGTATTTAATGTCAAGACAGCCATCGCACTATGATAGCCCGCATG
GGTTCCTGCATCGAGATTCACTTCCAATAACAAGGATCCTATGCGTGGTCCT
CTGCTGAATCATGGGTGTCACCATCCCATCAAGGCCCAGGTGGATCACTGA
CCGAGGGAGGCAGGATTTACAGTATAATAATGCTTTAGGTAGGGATCGGG/S
GAAGGACATGATTATCAGCGTCCTTTTAAGCACCAAAGACTGAATGATGCTC
ATGATAGTCAAAATAGAGTTGGAAGTGAGCGTCATGCAATTGACGATGCTTT
GAAATCGGATCGGGAGCCTATGCAGCAGCCTGGTTTAGTGGAGAATAATCS
GAGCTCAAGCAACAAGTACCTGCCCGGGCGGCGCTCGAAAA

>SLP72_(G0O479161
CCAGGGTCCGAGGCGCAGGGCAGGAGGGTGGACTCCTGAACTGTGTAGAAA
GAGAGCATTTGAAGAAGCTTTTGGTAGCTTGTTGTCTTGTTGATCGTTTAGT
TGGGTTTTTTTGACCAAACAATATTTTAGAGGCAGCTTGCAAGCCACTAAGGA
AGGATGTTCTATCTGATGGGTTAAGCCTTAAAATTTATAAACAAAAAATTA TA
TGATTTTCAAGCATCATGGGGAAGCTTAATTCTTTAGTTCCTGTATTCTTGAA
GCAACATGAAAGCGAGAATCAGGCAATTAATTCTTTGGAAGGTAATTTTCAG
AGAGGATATTCTATATCTCCACCCAC

>SLP73_G0479162
CAGAATGTATGACTTGATGCCCATACAGAACAGCTACATAAGTATAAATACA
TCATTAAAATGTCGAGCCAAGTCCTGTTTCTGTTGAAAATTATGACCGAGTGC
TGTAGTTGTGCAATACAACTGTAAAACTATTTTTCTCCCAGACACCAAGACAC
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CAACATTACTGTCTATATTTTAGAAATGAAAGTCTTGACTTGCACCATGTTTA
CAGTTCCCGCATCTGCACTGAAACTCACATAAGACCTTAAGAAAGACGTCTG
TTAAAAGCAACAGCAGTTATCTCACTGTATCGT

>SLP74_GO479163
CACGGGAGGGAAAGCCTTTGAGGAAGAAGTCCTGGTTCCGGGTTCAGGCAT
TCCTGGGGACTCACCTCTCTTCTCCTTTCCCGCTTTACAACCTTCTTCTGRG
GGAGTCACCACCAAACTTTTTGTTGGAGGACTTTCTTTTTATACAACAGAGA
GGCTTTGACAGAAGCATTTTCACGCTTTGGTGAAGTAGTCGAAGTTAAAATA
GTTATGGATAGAGTTTCCCAAAGATCAAAAGGCTTTGGCTTTGTTCAATATGC
TTCTGAAGCAGATGCTGAAAGGGCTAAAGCTGAAATGAATGGGAAGGTTCTG
AGTGGGAGAATAATATTTGTGGATGACGTAAAACCTAAATCTCAGCTTAGTG
GGGATCTTCCGAGTTCCACAGTCTCTCCTGTTTTAAGCAATAAAACAATTGSA
AGAGATGATTTTGAAAAGCTCTAATTTAGAGATTATATGATTTTGGAATTT CT
GGTTTGCATTTCCAACAAAGAGTCATCATTGGTATATTGCCTAGAATAGCATT
AGAACATTCATTGTATTGCTTTGTTGTC

>SLP75_G0O479164
CAGGCGCGAAGCTGGGTCGCTGGCCGCTGCAGGTCTCGTGATCTACTGTGT
GTGCCTGACCTCTACGGAATCGCTTCTTTCAGCCCGGGGAGCCTCCCCTGE
CCCTCGCTTACCTTGACGGGGCGAAAGAAGGAGGGCGATAAGCTCCAGACT
CCGAAGGTTGGGCTTCGTTCGCTGGCGGGTTCTTCTTCGGAGGGCTCTAIG
GTGACTTGGGCTTACATTCTTCTCTATGTCTTGAACCTCCCCTACTTCGTAAG
TGAAATATTATGATGTAAATGCTGTTTGATTTTTCATAAGCTTTGAAACTT TTT
TTTGTAAATTTATGAATTGCTTTCAAACTTTTTTGTAAATTTATGAATTGC CAC
TAGATGCTGGGGGCTTTTGTCTAGCGTTACC

>SLP76_G0O479165
CATTGCCGTAGCCTCGCTCAGGCTTCTTACCTTCGCTACGACCTCAACAGET
TATCTCCTCAAAGCCCAAGGACCAGAAGAAGCCCCTCAAAACCCTCACCAC
AAGCTTTTTGACACCCTTGACAACCTGGACTACGCTGCAAGGAGCAAGGAR
CACCCAAGGCAGAGAAATACTATGCAGAGGCTGTGACCGCACTTAATGATA
CATTTCCAAGCTTGGTTAAGCTGTATGCATCATTGTAACAAACTTAGCATCAA
TTTATGCTGTGTTGCATCTCCATCTTTTATGTAATAACGTTCTTGTTCCCAAC
GTTCACACTCACATTTTCTGCGGAAAATATTCGACTTTTATTCATGTTTTGAAT
GTGCTAATTTATTGTTGTTTCC

>SLP77_G0O479166
CATAGAATGCGTAACATCACACCCTATGTCCTGGAAAACATGTAATTTAGTC
GCATTTCTCCCAGGAAACGCCATCTAGTTTGCATTCCCCATCGCTCCATAC
TAAATCTCTACAGAAAGCAATAGAACAAGCATAAAGTGTCAATCTGTGGAT C
ACTGATCGACAAGAGTTTGACTAATTCTGCTTTTCTTCTTTGGGATTGTGATC
AAGCTCGGTGATCTTCTTTTCTCACTAACGCCAACATTCATCACCGAAAGEG
CAGGCAACATTTGCTCATCTGCCTGTCATACTGCTTGTGTGACTTATTTTCTC
GTTGTTTTCTGCTTTATTTACTAACAGATTTGAATACCCCCCAGGACTTTTGG
GTGTACCTCGGCCGCGACACGCAT
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>SLP78_G0O479167
CACGTAAATATACGTTAATACCTCCAACGTGAACTGCAGAAGATTGAAACAC
CTTGAGAAAGTGAAAAGGATGAAGATGCACCAAATACCTCTGGGAAACGCG
GTGTTAAAAGCAATCCGGGACTGTCTTGCTTAGTTACAGACATAGCTGTATC
TAATAGATTAGTCAACCTATTATTGTCAGGATGAGAGGCAATGTTTATCGGA
ATTGATGTATATTTGTAGTCTATGGCCTGAAGCTAATGATTGCAGTCAGGEGG
ATGAATCATTTATAAATTATCTTTGGCTGTGTAAGGTCAGAAAGGTTCAAATT
CATCTCCAGCTTTGAAGGCCTGATGACGACGCACACACACTGGACCAGTAT
CTGCACTAATGAACTTGTGCTCAAGAAGCTTTCTTAATTCTTATAAACATGTG
TATGGTATAGGATTTGTATAATTTAATTAAGCGCTTGGTGGCAAGTTTTACAT
TCTCATGAACTGCAACATTATGTTTTTGTTTTGCATGGGAGGCTGCCCAGGT
TTTGATCGTTAAATTCTTTTTCCCTAACG

>SLP79_(G0O479168
CCCGGTGGCTTGATGGAGCCTGGGAAATGGTGAAGAAGCCACCGAGTTTAT
CAATGCAGTGAAAGATTACCCAGAAGACGTGCAATTAGTAGGCAGCTACGO
TCTTTTCTATGGGAATTATCCAACAATAATCAGTGTGTAGTGTTTTCTAGTGG
CGTGTGCAGAATTTGAGGTGTGGGGGTGGTTGTGTCGGGTGATTCTCATAT
ATTTTTTTTCAATTGTGTCTAGAGCAGTTCTTAATCATATGTAGTCTTATTTAT
GACGACTAAAATATCTCATTTAATCATTGGACTACATCTAGGCAGCTACACTT
TTCTTCCATACTCATAATCAGTGTGCAGTGTTTTTTAGTGAGGTGTGTAGAT
CTAAAGTGTCCAGTGGGTGGGTTGATTTTCATGTATATTTTTTTTCAACTAAT
CTGAAGAGCTCTCAGCTATATGTAGTCTTATTTTTTTTTGGAAATTATCTAACA
ATAACTAGTGTGCAGTGTTCTTTTAGTGGGGTGTGTAGAATTTGAGGTGTCA
GTGGGTGGGTTGATTTTCATGTATATTTTTTTCCAATCTTATCTGGAGCAEGTC
TCAGCTATATGTATATGTACCTGCCCGGGCGCCCGCCTCGAA

>SLP80_G0O4791669
AATCGTTTCTTTTTTGAGCGCTTCGCTTCGCTTCTTTGTGAAAATAACAATTT
CTCTTAACTTAATTTTTATGGCTTCCTTCCAACTCTCATTAGCCAGACATICTT
GATGTATATTATTGGAAATAATAGAAGTCAGGAACTTAGATAATCCTGAGC T
TTCCATTAAAGCGGGTAAACATGGATTTCTGTTAATAAACCATTCGACGACA
GTCTAATATCCTATGGGGCAGGCTTTCTGCCATTCAGGTTAGTCAATCTTGEGG
GAATGGTTTATGCACTTTTTCATTATACTTGTAATCTTGATACCATATTGTCAA
CGGTTTATATACATTATTACATATAAGCACATGGTTTGGTTTTAGTG

>SLP81_G0O479170
CATCTGTAGTGCTCTGTTTTGCTAGAAACTCGGTCCTAGCCTTTTGTGCTITA
AATTTAGGTTTCTTCATTCTTCCCATCGGTCAATCATCCCAAAGGTGATGRA
ATACTCGCACCTTATTATGGGGAAGAGTACT

>SLP82_G0479171
AAACGGTGTGATGGTTGGACCGATCTCTCGGCTGGATTGGAGCTAACAGAT
CTATCCGGGGACTGCAGATGCACTTAGGTTTGCAAGCTCGAAAGTATATAT
GTCACAACTAAACAGGCTAAGTTCGCTGAGGCCCTTCTGCAGAAACTGGCE
GAGTGAGTATTCCGCCCGAGAGGATCTATGGTCTAGGAACAGGGCCAAAGTE
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TGAGGTGCTGAAGCAACTTCAAAGCAAACCTGAACATTCTGGGCTGACACT
CACTTTGTTGAGGATCGGCTTGCAACTCTGAAGAATGTGATTAAGGAACCA
AGCTGGATAAATGGAACCTCTATCTTGGCACTTGGGGTTACACAAGGAGTT
ACACCTATTGATGGGCATGACATTGGACAGTTTCCTGGCTCAGAATCACTA
AAGAACAAGATTCTGCATCTTCAGAACCTGCTTTTGTATAATTTTGTTGCAAA
AGGCATGTTTCCCTCAACAATATTGAAAATCCAAATCTTTTCTCTTTTAGTGA
ATATTTGTCATTTTTCCTTTTCAATCTTTTGATTGTAATAAAATGGGAAGAACG
TTTTTGTT

>SLP83_(G0479172
CCTTTGCTTACTGTATCTTAAATGACATGAGAAGGGATATCAGGAGTCGGAC
AGCCTTCAGTGAAGCATTACAACAAGAATCTTCGGAAAAGGCCCCCACAATG
GTTCATGTCTGACATATGGTAGCTTCAATTGGCAACTTCTCTATGGATGAGA
AATTTTAAGTCATGACCCATTCTTCATTGTTTCATACCCTTCGTTGAATTGACG
TCAAGTCATGGTAAATTGTGGTAGAACAAAGAAAATTTAAGTGAATATAAT G
CAATGAATGAATGGATATAGTTGCATTGCCAGAAGCGATGAGAGAGATTTGG
TGTTGCCTCTTTCGATTAGATCGATACAAATTATTTGGAAATTGCTGTGCAGC
AGCACCTTGTATATGTTGAGTATGTTAAATGTATCTTGCCATAAGATTTTGAT
AAATGGAAATTTTGGCGAAAAAACACAGCATCTTACGATATGCAAACAAAA T
GATTAATCCTTGTGGTGATAC

>SLP84_(G0479173
CAACGATTATATTGTCTTGTTGGGCGCTACAAGCTAAGCACTCAGGCTCGGEC
CAAGGCAGATTCTGCAAGAGTAAAGGTCACTCAGGAGTTATATAAAGAACAG
CAGATTGCTCGACAGGAAGCAATTCAGAGAAGAAAGGAAGAGAGAAAGAAA
AATGTAGAGGAGACTGACACTAAGCTTAGTGCCGAGGCAATCCGGAGGAAG
GAAGAGAAGGATCGTCAGCGTCAGCTGAAGAAGTCAATGCCAAAAATAAAG
ATGACTCGTGTGCATTAGAATTTTTTTTTAAACTAGCATGTGCTCCCACTECT
TTACCATTAGGATAACCTTGCTTTTGTTTTCCATAATCAAAGTTGGTGGC@AT
CAGTGCCCACTTTTTAGTCATTTGGCTCACTTATAATGTACCTCGGCCGCAC
ACGCT

>SLP85_G0479174
TATGGGGTGGGTTCTGTATTTTGCTATATTGTTTTCGTTTTCGTCTTCTTGGC
TTCTTTGCTGTAGAAAATGGCGTCTTTGGTTGTTCAGGTCCATGATTTGART
CAGAATCGGCAATAACGTCGCCAAAGAATATCGGCACCCATCCATCTTCAG
AGATGTTGCGACGAGCTTTTCTTCGCCAAAATTGGAGCATAAATCATGCCTT
GCTCTCCCACTACTCACGAGGGACCTTTTCGTTGCCGCTTTCATCGATCED
TCTGGTTATTGGGGTAAGAGGCCCATGCCATCGCCAACGTCAACGCCCAGS
CCAAGCCCACAGGTAATGGCGTTGTAAATGGAACAGAGCAGTCTGTAGAAT
TCAGTCAAATATAGCAGATGCCTTCTGTACCTCGGCCGCGACACGCT

>SLP86_GO0479175
CATTGCCAGTACTTTAATTGATTTGCATATGCAATAATAGTAACGGCTATATA
ATGGTAGCTTCACGTTAATCGGCAGCGGGATATCCAATTCCATTGCGTTTGA
AGGAAACTTAAGAAAGACCATACTGCAAACAGTCCCAACTACGATCGGAAG
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GATTGTGACCAACAGCTTCTGGTCCTCGCGAGCATCCACGTAGTAACAGOT
GCAACGTTGGGATCCATGAGGGCTACCGAGGCAAACACCAAAACTGATAAC
ACCGCGTGCACGAAATCAAGAAACGTGAACTTGTAAGAAGATAGATCCGCTG
TCCTGTTGATCCCTGGGTTCATCGTCCACATCCCGCTTCTGGTAGCGATOG
TAGTATAACGCCCCGTACCTCGGCCGCGACACGC

>SLP87_G0O479176
CCTTTATTTTTTTTTGTATCTTAAGATTTTCTCTTTCTGAGAATCTCTTGQATTA
CACCTTGTATTTGTTAGTTCTATGCTAAATAGCTCCAACTGGCTAACAAAATT
AATAGGTGCACTGGGAAATTGTAGGCTGCCGAACCTATTCTCCCTTTATCGG
TTGTATTTCTTGCTATAATCTATGACCGGTTGGTTAAATTATTCTTGTAAGCGAA
TATGGAAAGCGAGGGACATTCTTCAAATGCACTAAGAAACAATGATTTAAAT
GCCTTGTGCATTATAGTTCTATGAAGCTCATCAAAATGGTGTTATG

>SLP88_G0479177
CCTGCCAGTTGCAGAATAAGGAGCTATGAGCCTGAATGTTAAGCTGTCTCA
AGGCGGGCGATCTCGTGTTGCTTTAGCCCTCCAGATCAGGGGGCAGACATG
AAGCGGAGTTGAATCGTTAAAGATGAAGGGTTTTTAAGGTTTTTTATTAATCA
AAGTCTCTCTGCTATTGCATGTTTTCTTTGTCAATCTGTTAGTAAAATACTAAA
ATGTGTTAGGAACAAAACGAATTGTTATTCATATCTGGTTTGGACTGCAGATT
AAAGTGTTGCCATGGATGATATTAACAGAAGTTGTGGGACTGTAAACAGAGT
TATGAAAGATCAAATATTGGAATTGGAATTTTCAATTTTGTCC

>SLP89_(G0O479178
CATTGTCAGTATGACCTGAGCTTAGAGCTTTTCCCGGGAGCTGGGCGTTAL
ACTTCGACTCACGAGGAGTCTCGTCATCACATCTCAGGATATGAGCCACCG
ATTTACCTAGCGACTCTCCCTACATGCTTAAACAGGCAACCAACGCCTGCTGA
GCTAGCCTTCTCCGTCACCCCATCGCAGTCATACCGGGCACAGGAATATIA
CCTGTTTTCCATCGGCTACACCTTTCGGTCTCGTCTTAGGAACCGGCTTALT
GCGCCGATTAACGTTGCGCAGGAACCCTTGGGCTTTCGGCGTGCGGGTTIT
ACCCGCATTAACGTTACTCATGTCAGCATTCGCACTTCTGATACCTCCAGEG
ACCTCACAGTCCACCTTCACAGGCGTACCTCGGCCGCGACACGCTA

>SLP90_G0O479179
CCCTTGGGCGACTTGTTACAGCTCCTTGTATGTGGAGCATGTTTTCAGAABC
CAACGATATAAGCTTAATAATGTGGCGATTGTATTGTATCAAGAACAATGGC
CACATTAACTACCAATAACTCGGTGCCTATAGGAAGGCCATAAGGATTGCTG
CGAGACCTTGAACTACTAGAAGGTGGAGCCTGCCATGCAACATTCCTTTCAT
ATGCACAATCTGACCAATTTTTTATTGACGTCCATTTGGAAGGTTATCAACTC
AGAGGGCAATGGACTCCTCTGATAAATAGTAATTCCTGCAGTTGCGGTTGA
CGCTTCATAATGCCCTGCACAATTACGGACGAATGCAGCAAGCTCATGGACT
TCAAATCGAGTGAAAGATATCTTTTCCTTGTTCACCACTCCCTCCATTTTAGT
TTCCCATACAAATTCTTTACTAGTTCACTCTTGCTCTCCAATTCCTTTGARAA
TGCCCTTGGGCACCCCCTGCCCTTGTGCACCTTTCCAGAAGTTCCAGGCTG
TTAACACTGTATCCTATCTTCTCCGCTAAAACCCTGATACAAGCCCGAAAOC
CACCGT
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>SLP91_GO479180
TACTTGGAGAGTGACATTTGTTGAGGTCGATGAGATATATTTTTGTAAATAGT
TTCGGTTTAGAGTTTGTTCAGCGCTGGCCCATCTGTGCAGGGTTCTTGT/ARA
GCAGTGGACACAAATCACAAAGTTTATAGCACATGGAGTCTTTTTTTGTTAAT
GGGATAAATGCTATAAACCCAGCGTCCCCGCGGAATAAGGAGTTACAAATAG
TTTTCTAGGTACTATTTTAAGATGCATAAAATGCAAAACTGCCACTATGGTAG
AAAATATAGCTAAACATCTAACTTTGCTTGGCTTTCACTGAGCTTGATGGAGG
ACTGCCAGATACCGATCTCCTGAATTCTTCGTCAAACGCATCTAACATCTEC
ACCCATCATCGGAGCCTATCTTCACATACTGTTGCTTCTCTGCTTTTACABAT
AGTTTGAGATTTGGGGACTTGCACCCTGGCATTCTGTATCTGTTTCAACCHA
CGTCTTTCCACTCCACTTGTGAGGTAATCCATTTCATCATTATTAATACGRAT
GAAGGGAAACCTGTGTAAGGGACAAACTCTGCTAATCTAGCAGAACTTGCAG
TAGGAATTAGATTGGCAACATTATCAATGGACTGATAGAGACTGCTATGCAG
AGACTGTGCATCTTGTGAATCACGGCTGCTACTTCGCATGCTGAACTTTGBA
TATTGATATCATCATTCCCACCATGTGTCCTTAAAGAAAAAGATCCAAAAG TA
TGATCATTGGAAGCTGTCCAATGCTCATCCATGTTCTGACATCTGGGAGGEC
AGCCAGGTTTATATTCAAAAATCCATTTGCAAATTTAGTTATACCTCCATCCA
TCTGTTCTTTTAACACTTTGACATCTTCAGATAGAACAGATACTTCCCCTTGCA
ACACATCGACCATGTGGCCCCCGCGTACCTCGCCGCCACCCCCCTAA

>SLP92_(G0479181
CACAGGCACTAAGCAATGATACAAATCCTTTCCTATGCCGCATACCACTATTA
CTGCTCCCCAGGCAATGCACAGCATTTGGAGAATCCTCCTGGCACTTGTGAC
CATACAGTAATCCGCAGGCACAGGAATTAATGCAGCTATTACCACATCCAGA
ATGGGCAGTCCATGGCTATCCCTCGAAGAGTGGAGAAGGATGGATTGGTGA
CCTAGAACATGGGAGCTAGATGTTGGAGCCCTCTCCAGCCGTTTATACTTCA
TCAAGATCCAGGGACAAAACCAGCAAGTAGAATATGGACTTCACTTGACGTT
GGCACTGAAATCTTTGTGAGTGACAAAGATGAAATTGCAGAGTGGACAGTAA
GTGACTTTGATGTCGTTGTTCCAGTGGCAGGCCATGCATAAGCAGTCAATIC
ATAAAGTATCCTGCAGTGACAGATGCATGAAGAAGCCAGAATAAGCTGAGCC
TTTCCTTTGTCATTCATTTTCGCATTCTAGTAGCTTTCACATTCCTGCCAAGG
GCAGGAGCAATTCTTTCCAGAGGTTTTCTCAACCTATTGCTGTTATCAACAG
AGATTTATTAGATTGAGATAATGATTCAGAAAGTATTTGCAACGTG

>SLP93_G0479182
CACTGTTAGTAGGTCGTTTGAGCGCGAAAAATCGGCACCTCGTTGTCTATST
GATTGCCAGCAGGAGCGGCTTGATCTTAAGAAGGAGAGGATTAAGATTCCG
ATGAAGCCGGCAACGTGTCTGGGGAAACTTCAGAGGTTAGAGCTGCCCTGT
TGAAAGTGATAAAGATATCGACACGAAGGAAAGCAAGGAGGCTAACAACAA
GAATTCTGTGAAAAGTAAGGAGGAGGGTGTCATTGTTGATGGTGGCAAGAL
AGTGGTGTGAAGAGAAAGCAGGGGAAAAAGAATGACAGGAAAAGAAAGGA
AGAAGAGGAAGAAACTGCCGGGAAGGAGAAAGTTGAAATGAAGGTCGAAAT
TATGAGCACTGATGTTGAAGACAGC

214



>SLP94_G0479183
TAGCCTCTTGCCCACTGTCCTTGGTCGCTGGCACAAGTCCGCTACGAGCAR
GCCACTTCTATGAGCTCTTAGAAAAATCTTTTTAACTGATGGATGAAAGCTAA
CTCAAAGGAGGCTAGTCTACTTGCAGCAAGAAGTGAAAAGCGAAAAGGAAA
TGCAAGCCCTAGCAAACCCTAGTTTTACCGACTAACCCTACTGGTGCAAGA
AAATGATGAAAGCTACAGAAAGGAATGCCATTGACTTCTAGGAAGGTAAAA T
ACATGTGTCTAAGCTACTTCTACAGTAACATCCGGGT

>SLP95_G0479184
TAGGGCTGTCCCTCTAGGCGCCTCTTCCGAGACTTACACCAGCGGCCTTCA
CGACGTATGCTCCCGAGGCTACAATTCCCAAGTGTCCAGGTTCAATAAAGE
AGCACCGGGATTTCAAACCTGAGCTATTTCCCACTTCGCTCGCCGCTACTAS
GGAATCCTAGTTAGTTTCTTCTCCTTCCTTTAATAATATGCTTAAGTTCAAGGA
GTAGTCCTACCTGATTTGAGGATGATTTTTGGAATGGTGTGATGGAG

>SLP96_G0479185
AGGGCTACATTTGAGATTCTTCCTCCGGGGAAGGCGAGCATTGGGTAAGCA
GCCAGATATCAAAGATACATTGAGTATTTGGGGGAACGATTTCAAGTGCCAR
GTCATTTCCAGCTTGCCTCATTCATTTTACCTTGCATAATTTTGTCCACAATC
ATCAAGGGAAAATATCAGACTTCAATACTCAGTCAGAAAGCAAGAACAAAC T
TTGCCCTGTAGTTGGTTGCTGAAGCCATCAATATACTCAGTGCAAGAGGAG
AATAAGTATTAAGAACACCTGTAGCCAACATTCTTCAGGGAGCATTGTCACA
CATCATCAACGAAAGAGGACTATACTACAGACTCCAAATCAGGTTCCTTGTIT
TATGGCACACTATAAATCATTATTTCAGAGACTGTCCTAGCTTGAACTAGATA
GACTTGTTTCAACACTCAATTTCTTCCTGAATTCATCAATCAAAGTTGATTTG
AAGCAATGTTGATGGCTGTAAATGTATATTTAAACTCAAAATTTCAAAAGT G
CACCTACAAAACTTTGTGAGCC

>SLP97 GO479186
CATCTTCCCTTCGTTTTTTGAGCTTCTTCTTCCTAAAATGGTGGGATAGGSCA
GTGAAAAAAATATGGAAATCTCTTCGAACTTCCGCCCTCGCTAGAAGGGAAC
TGAAGAAATGGACGTTGGCGTTGAGAAATGCCCTGAAGAAGAAGAGGGTAT
TCAGAAGTGGAGAGAGGCAGT

>SLP98_G0479187
CAGCGAGATACAAGGTGGAGCAGATGATGGATCAAACGGTTCGGGAGTGAC
GTCTTAGTTGTTGAGTTGAGGGCATTGAAGGCACATGGACGCCACTTCTTGT
TTCCTTCATGATTGCAATTAATGCTACTCCTAATAGGACATCGTTGTCGGTT
GCTACCTAGATCTAGTAGAGTATTTTAATGCTTATCGACATTTATCAGCCATC
TAATTTATATCGCTCCACTAGTATAACATAATGTCATCTAAATTT

>SLP99_(G0O479188
ACGAGTGGTAGTGTTGTTGTCCGCCCTACACGCGCTGGCTATTCTCCTAARA
TCTGGGTCTACGTGGTTGTCGGATGTCTCGTCAACCTGTTCATCCTGAT@T
ACTCGCCGAGATGATGAACATCCGGCCAGCGGAGGCAATGCAATGCCTCTC
CGGCCATAAAAGGCTCACATCAATCTTCCACGCATTCGCACACTCGGTCCS
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CGATCGTAAACCGGTATACATCATGGCACATACCACCACGCATGTGGTCG®E
GACGACACACATCACCGATCTTCTGGGTCTGACCATGGTCTTGAGAAAACA
TTACTCCTCGGAGCGCGCGCGACCCTGAACTCGAAAGCGCTTATTCTCTGEE
ACTCAATTCGCCGAGGACGACACCCCCAAGGCGAAGACGCTCGACACCGAL
TAGAGGCGGACCGATGGAGGGTTCAATGATTGTGTTTGTATTGTGTATCTAC
GTGCTGATCCCTCTTTCGATCCACCATTCGATTCACCTTTTCCTACTGGTICT
GGATAATTATAATCGCGAATGGCCTACACGTTCTCTGTACCTATAAACTCCA
TTGTGTTCCATCAGAATACTCGTGTAATAATAAATGCGGTCTCCCCG

>SLP100_G0O479189
CGAGCTTCGCTCGTTGAGGTATCGAGGATGATAGCGTTTGGTTTTGTAAATG
ATGGCGACCCCTGCGACGTTTTTAAGGGTAGCCTGTGCAGAAGCGGCAATAW
ATGGGCGGTAACCGTATATGCCCATCGGAACTACATCCCACCTATTCCCATA
ACGGCCTCCCAGCAAGTTGGATAATTGTTGCTGCCGTAGAGCTAGACTTGITA
ATTACGTTGCATTGATAGAATATCTGCTTGGTTTCGGTGGGTTGTGGAGCTA
ATATCGAACCCACAGTCAAACCAAGATCACAATTTTTACTATGTTCAATAA AT
TTAATAATATTTTGGATTATGATGTTCGATGCTG

>SLP101_GO479190
GCAGCCGAACAGAGAAAAAAAACAATACCGACGACGGTATGAAACCGGCCA
CGCGCACGGTCGAAAATCGAAAAAACGAAAAATAAT

>SLP102_G0O479191
CCTACGTTGCTGCTTCAATGAATGTGAATCCTCGTGTTCTGAAGCAGCAABGA
AATCAAGGACGAGTCATTGAGATGTGTGATGTTTCTCAGCTGCTGGGGTCA
AACTGAAATTGTAAGGCAATTCAATTCGGCCTCGAGAGAGAGGGGTCGTTC
CCTGCAGCACTGGATGCATGAATATATAAATTATATAAAATAAATGCATAT T
ATGTCGACATATAAATTGTATGTTAAATGGTTGAACAGTTTTTTTAAGATG AA
ACTGCTGAAAAGTTGCTTTGAAGATAGAGTAATTTTTATGTCTTTAGTTTTTCC
TATTACCAGGAACG

>LLP1_GO479197
CAGTTCTCCGATTTAGAAAGAAAAACCGGCTGCTTGGAGTAGATATTCCATC
GTTTTCGGGTCCTTTCACCACCTCCCGGTAAACAATCCAACATAAGAGAATT
AAAACATCGGCAGGTCCTATCATGTCAGAACCTTCTGTTAAATCCAAGATAG
CCTCAGATAATATTAGCTTTCCTTTGTCCGGAAGAGCCTGGTGGCAGTTGIC
AGTAGCTTGATGCAGTCTTCGTCGTTCCAACTATGCAGAAAATTCTTCATANA
AATGGCATCTGCAGAGGGTGTGCTCTCAAACAGGTTTCCGGTCATGTGCTG

>LLP2_G0O479198
CAATCTTCTTATACAAGTGTTCAAGGGAATGCACATCACATAGTTCTTCCGSC
AAAGTTTTGAATGCTGCATGCCTTATGTCAATCTCTACCAAGTTCTTCACAG
CATTAAGGACTTGGGAAAGCGACAAAGCGGAGCGCAGATACACAGCTTTC®
AACTGGCGAGGCACCTGCAGTGTTTGTGTTTCAACTATCACAAAAACGTCAC
GATGATTTTCACTTAGAAAATGAAGTTGAACGCTGAAGG
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>LLP3_G0479199
CCACTGGTGCCAGCTTTACCTCCGAAGAGACTGTTTTCATATGGATGGACAC
CTGAAACACCACCGTTATCCTCTGGAAGATTATATCGATCCTCGGCCTGCAA
ACCTGCTGCTTACAGAGAAGCCGCTAGTAAATACTGCACAGAGGCCAGAG®E
CGGCAACAAGCAAAGGAATATGGAGCCTACAATAAAAAGCACAACAGAGAA
TGAAGCAATCTCGAGGATATAAAATCTGGAGGAAGTGAAAAAGAAAATGCG
AAAGCGTTAAAGCCTTGAGTCATTGTAAGCCTTGCTGACACATAGACCAGQ
GACATGTTTAGATTTCTATTGTAAGACTAGCGGGCATAATCGAGTCATGTTGA
GTCATACAATCGTAATTAAGGGGGAGTGTTAGAAATTGTAATCACTCTTGCAT
GAGGAGTTGATTAAAATTAGAGAATCAGTTAATTAAGCGTTGAGCATTGAGT
CAAGTCGAGTGATGGATGAAGAGTTAAGTGCAGTCCATATTTAGAGTGTGAG
TTAACTAAGTTAAGTGTGCATGCATGTTAAGATATTTTAGGCAAGTCGCTAGT
TGGAAAATGTTAAATGTCCTTCACTGAGTTGATTGTAAGTATCATGTTTTATG
TGATCAATAGAACAACCACAACTTATGTGTTTTATGTGG

>LLP4_G0O479200
CCAGCGCTGTTAGTTTATAGAGAGGTGAGAGTGGAAAAGACTGAACTACARA
AAGGAACTTTTCGTCTACTGCGACACTCGAATTTTAACGAAAATTATGAATGA
CTACTTTTAGTTTTTTATTCACTCTATAAATTTAAATTATGTGGAGCGTG

>LLP5_G0479201
AATATGCCCTCTATGAAAGTCTCACTTGACAACAAACACACGAGGTGTCGAC
GATGAAGAAGCTGAGATTGATCGACAATCGATCCACGATAATCAAACCAACG
TTTAATATATTGCATGGGTCTGTTGTGAAGTTCAAGAGTGGTGGATATTTATG
CCCGTTGCATGGGTCTGTTGTGAAGTCCAAGTGTGGTGGATATTTATGCGEC
CATTTTCGTGACCATCTCTGTCGAGTTCCAAAACAAAGAGTTGCCATCATRAG
GAGAACGTTGTTGTAATTCAAATTGAAGACTTAATCAATAGGTCGGCATTACT
AC

>LLP6_G0O479202
CAGCAGATTACGGTGCTACTCTCATCCAAAGGTATCTCGTTGCTAATCCAAA
TCAATCCGTTCAAATCTTCAAAAGCCAACCTGCCCGGGCGGC

>LLP7_G0O479203
CGACTTCTGTTTGTTCTGTATTCTCTATCTAATAGCTTCTTTATCTATGTTGA
ATAAAACGTGATTCTCTGAACAAGAGAATCTGATGCTGTGCTATTCTCATICT
CATAGGTCGTTATTTAAATCCTTCATATAATATATAATAAAGCAGTTATCA TG
C

>LLP8_G0479204
CATATACAGTTTGAATGGAAGTCTATCTAGGATGGTCTATAGTGCTGTGATGC
GCTCACTCAGTATCTCTCTTGTCTCACAAGCCTTTAGTAAGGATTCAGTTAG
ACCACTTGCTTCTCAACAAAATCCTTGACTTCCTTTGAATCAGGGTCTTCAG
CTCTGTCGAGCTGTGGTCCAGTGGTAAATCGAAGCACTTGAAATAGTAATA
GCTACGGTGAAAGTCCAGTAGCCATGCTCCCTGTGATAATGTGGTTGATCA
GTTCTCCAGACTTGTGAGACCATATCAATGTTACAAACACCGGTTCCATGGA
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ATGCAGAAGTGCTGTTAATGGTGGTCCCCATCTTAATGCAGTCTTGCAAAGA
GATCAGTGCAAGTCCTGGGTGAGTTTGACAGAATCGATACCACTAGTAAGAS

CTTCTTAGCTGAAGTTCTTCTGATTGTAAAACGGGTGAAATTGAAATAAGTTC

TGTACTTTCTCCAGTCAAAAGGGGTTTACTGAAAG

>LLP9_GO479205
CCGGTGGCGTCTTTGTGAGCCAGCATCCCTCTATTCTTGAAAATTATTAGCTT
AAGTTGTCTGTAAGATGAGATCTTGCAACTTTAATCTAAATCTTTTTATAGTG
GGAACAATGACTGATATCAACTCCCCCATTTCTACTGTTGTGACCATGCTACG
GTTCAGCATTCTAATATATGAAGGAAACATTATTTGTTG

>LLP10_G0O479206
CCAGGTGGCAACGGAACGGCTTTATGCCCCGATTTCCTTATCGAGACCTAT
GGATATCAGGGCGAACAATCTTGCTTGAAATACGATGCCAACCCGTTCTTG
ACATCTCAAAAGCAATGGACTTGTTCGACATGACACATTCAAACCTCCAGTC
CCTTTCCGTTCCCGCTCCTCCTCCTTCCTCGACGATCCCTCCACCGTCAGEC
AAAAGCACCGCTGCACCTCGCGCCACCCCCAAGATACCTTTCCGACCTCTKET
CCGGCCTCGCACCCCTCGCTCATACACCTACGCTCGTTCTCGGCGTGCATT
GATATTCTATTCCCAGTTGAGCAGCAGCGCGAAATGGCTGACGCGCTTCGEE
TGGCCGGAAATGGATCGGTAGTGTATTACGAGCTGGGTGGCGTTTGGGGRC
TGATACTTTCTTGATTGATGTAATGAATGTTGGTGGCGCGATTAGGGGATTT
TGGCATAGGGGTGGCTGGGTTTGGATGCATATATCATAGTGCTGTGTCTEIT
TTCATGCGCACGCGTGCGGGCAAAATGTATATGAATTTCTTCCTTGCTTCT

>LLP11_GO479207
CGATACGCCACTTTTATGGCACCCCTTTTCTCTCCTTTTTGGGTTTCGAAGCC
CAGTGATAGAAAGGAGCCCTGGAAATTTAAGTCATGACCTGGATTTTCTG®
CTGGAGGCATGAAATCTACGATCAATCTGTGAATTACACTAATGTTTTGTTCA
TTGTGCTCCATATAATCCAACTTCTGGTTTCCGCATATATTTGGTAATATTGCT
GTAATAAAAATTGGTTTCAGCAT

>LLP12_G0O479208
CCCTTGATTCTCTGACTCTCTCTTGGGGTGCTGTCTTCCACCAACGTTAMGAG
CTTCACCATGGATTTCGTGAAGGCGGAGTTGAAAGAGTCGACTGAGTTTGEA
AAAGTCTCTACAAGGCGCTCGGTATCAGGGTCAGAGACGAGGTCTACATCS
GATTCTAGCACTGCATTTCCTGCGAGAAGGTTCTGGAAGTAGCTTGCGTCCA
CGTATTTTTACTCCCTTTGTCAAGAGCCACTCTACTGTTCCCGTTTCCATTGC
AGGGCAAATGCTCTGGAGTTGCCTCAGTGAGTTTCGATTTATGCTTGGGTCG
GCATTCCCGCGT

>LLP13_G0479209
CATCGTGGTTCTGAGTTCTGCAATCTATTCGAAATTTCAAACCTGAACTGTC
TGAATAAAAAGCACCGTTATTTTGTTCTGCAGATACCAAAAACTGTGTTCTAC
ATAAAACCGTACGCAGCAGCTCTTTCAGGCTACAATTATCAGTCACTCAAAA
GCAAATCATCCCAAACACGAGCTTACTTCACAAATATTTATATATATATAT AT
ATTACTGGCTGGTCACCCACGACAATGTAATCAATTATCATTACACAGATAA
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ACTTCTATGCCTATGGAGGTGGAACCTCTGGCAACTTCTATACGACTACACTG
CAATGTTAAAGAACTTCCATAATGAATGATCATCTGAATAATCAAGCTGCA G
AAGGAGCAGGAATGAAACCAGCGGCCGTGGGAATTGTAGCCAACAATGAAT
TCGCTGTAATTTGTTGCAAGTTCGAAAGTGTTTCGGCCTCAGGAATTGAAGC
TCCTCTGCTTTGTAATCCAGAGACTCGTCGTTATATATATCCCACCATTTCTA
ACTAATACTTTTATGTCTTCCCTCTGCATGTTCTCCTCCTTACCCGCGTACTG
CCCGGGCGGCGCCTCGAAAAAATAACCTCGGCCGCGACCACGCTACCTGEG
GGAGAAACGCTAAAAAGTGAAAAAACAAAGGCGGAAAGAGGGTAAAATCA

>LLP14_G0O479210
CATGGGGGGGCGCGCAACAGAGAGAGAGAATGACAAATGGCACCGCATTGA
GCGATCCCGTGGAAAATTCCTTAGGCGTTTCCGGCTGCCGCAGAATGTGAA
GTGGAAGAGATAAAGGCGAGCATGGAAAACGGTGTGTTGACAGTGACAGTG
CCGAAGCAGCCTGAGCCCAACCTCCTCAACCCAAATCCATCGAGATCTCTG
TTGACCTCTCACGCGGTATGAAGATGTCATACTAGACCTGCTGTGGCCGTBA
GGAAGGTTGCATAATGTGTAGATGTGTGTAGGAAGCGGTTCTCCGTCATCC
AGTTGTTCCATCGATTACAATGTGCTTGTATGTATGTGTTGTGTGTCCTTAAT
AGTATAATAAAAGGGAGGCAGGTTCAGGCTTC

>LLP15_G0O479211
CCATCGACGTCGCTATTAAGAGGAGTTTCGAGGTTGACAAAGAAACTATGA
TATGCTTGCTTCATTGGGCATGTCTGATTTACCTGGAGTTGTTAAGCAGGGG
ATCCCCCAGCAGGTGGTGGTGGTTTCATCAAGCCAGGTGGATTCCAAGGT®
TGGTGGAATGGGCAGGAGATATTAGAAAAAAGATAATTCGTATTTTTCCAAA
GTTTTGCGGTTAGGTATCAGATTGTATAAGAGCATTTGGGACAGGCTTTTGT
TGGAGTAATGACATTTGTTTTTGAACTAATTTATTTTGTTGAGGCTTCTTTAGT
GAAAAGTGCTTGATAATTTGTTGAGACATC

>LLP16_G0O479212
CATGGTCGAAGCAGTCGATTTGGTGACACACAGTCGATTCTGAAGGCCGOE
CAAACCATAAAAACTCAAATAAAATCCGGTGTGTCTATCTATCTTGTATGT AG
GTAACGTCTAGTCCTAGTTCAGTCGTGGGTTTAATGGTGTGGTTGTGGGTIES
AATCTCAGAAATAATACTGCAGGAGAGCATGAAGCCATGTAGGCTCTGT

>LLP17_GO479213
CATAAAGCGTCCCTGATTGGTAGAATTGATATGGGGATGCCTTATTTATATAA
AAACACGATTTGGCTCTCAACTGATTATATATGGACACCTAGTCAGTTTAAGA
TACACAGATAATCTTCGACTGTATATATTCTTTCCCATACCTGGTAGTAAGTT
GCTCTAAAAGCTTATTGGGCTGTGTTGCCGTCGATATTGGTGCCGGGGCAG
GACGTTCCTGGTGCCGCTGTTGTCCCCGAGT

>LLP18_G0479214
CAGGATTTGTTTTTTTGAACTCTTTTTTTTGTTTTGTGTTTTTTCTTGTTTAATT
[TTTTTATGTTTTCTTATTTTTTGAAATTTTAATGTATTTCGGGGTCATGATAA
AATATTTTACGCCATTATTTCGAAATGTTGAAATTTACCCTTGAAGAAAAA GT
GTTATCCCAACGTCAACACTTTTCGTTTTGAGAGTGTTTTTTGT
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>LLP19 GO479215
CCAACGTTCTGCTTCAATGAATGTGAATCCTCGTGTTCTGAAGCAGCAACAA
ATCAAGGACGAGTCATTGAGATGTGTGATGTTTCTCAGCTGTTGGGGTCCA
ACTGAAATTGTAAGGCAATTCAATTCGGCCTCGACAGAGAGGGGTCGTTCC
CTGCAGCACTGGATGCATGAATATATGAATTATATAAAATAAATGCATATT A
TGTCGACATATAAATTGTATGTTAAATGGTTGAACAGTTTTTTTTAAGATG AA
ACAGCTGAAAAGTTTCTTTGAAGATAGAGTATTTTTTATGCC

>LLP20_GO479216
CATGGGATGACCAACAAACTGAACTTACCCTAAACACCCACTATTCCTATTIT
TCGAGGGCACTAATAAATAAAAGTGCCAGAGAGGAGGTCTTCAAAAACTGA
CCTCGCACTCACCTCCGATTACAGAGCAAGGAGGACCAACAAAATCCCTCT
ACACTCTCCTAAACTAAAATTAAAACAAGATCTGATGATGCAGACCTAGGAA
ATATGCAGGATTGTCAGTGCATCAAATGGGATGGAAAAATAACCCACATAGC
TGATGCATACAATCCAGTGC

>LLP21_GO479217
AACATGTACCCTATTAAGTCCGCATGCTTAGCGATAGCAGGGAGTTTACTA
AACTGGACCAATAGAAGCCATAAAACGATATGTCCACAGACCCCACTCCGAC
CCTAAAACATGGGGTGAAGGGGTTTTATGTTGAATAAAAACAACAACAAAT T
GGCCACTGGCTGCTAAATGCGTTTTGCATGGCTCTATATGAGAATCCCTAAA
CAATATGCCGTAGGACCCGTCACTCCATGACCCCACTCCGGCC

>LLP22_G0O479218
TCACTGCAATGCTTTGCATAATAATTCTTTAGAACTCAATCTGTGTTCTATTITA
CCTGGTTCCTGTCAAACAATTCTGTCTGCTCTTGCTATATTTATACAAAGAA
TTATTACG

>LLP23_G0O479219
ACCTTATCTATAGCTGGGCTGCTCCGAAATATTGGATAAAAATATACATGAA
AATCACCCACCCATTGGACACCTCAAATTCTACACACCCCACTAAAAAACAC
TGCACACTAATTATTGTTAGATAATTTCCAAAAAAAATAAGACTACATATA G
CTGAGAGCTGTTCAGATACAGTTGAAAAAAAATATACATGAGAATCAACCCA
CCCACTGGACACTTTAGATTCTACACACCTCACAAAAAACACTGCACACTAA
TTATGAGTATGGAAAAAAAAGTGTAGCTGCCTAGATGTAGTCCAATGATTAA
ATGAGATATTTTAGTCGCCATAAATAAGGCTACATATGATTAAGAACTGCTCT
AGACACAATTGAAAAAAAATATACATGAGAATCACCCGACCCAACCACCCC
ACACCTCAAATTCTGCACACGCCACTAGAAAACACTACACACTAATTGTTGTT
GGATAATTCCCATAGAAAAGAAGCGTAGCTGCCTACTAATTGCACGTCTTO
GGGTAATCTTTCACTGCATTTGAATAAACTCGGTTGGCTTCTTCACCATTCCC
AGTGCTTTCCATGCAAACCCCGCGT

>LLP24_GO479220
ACTGGTGTGTCTCGTTTTACCGCCCCCAAAATTTGGATTTTTAACAGGATTT
AGCAAAAAACAAGAGTTTAACCAAAGCGTGTAGAGGCCGTTGCAAGCTCTAC
AAGAGCTTTTGGCTACATCGAAACTACCTCTCCAATTTTTTTTTGCCATAGG
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AGAATATCAACTCCTAGTTTGGTTTCTTGAAGAAATAGAACTGGAGGAGTAT
ATCTTCTCATTAATTCTTTAACTGCCTAGGATTTTATGGGGTTTCCCGTTCCC
GTATATTCCAAGAAACAACAATCATTTAAACTTAGAGGAGCTTGACTTACCT
ACTCCAGACTTTGCACTCCCGCGT

>LLP25_G0479221
AAAAATAATGATTTTCATACATAAAACAGTTTTAATAGGTGAGAAAGTCGT C
ACATATTTCAATATTTATCACTCTTAAATAATGACTGTTGCTTTAAAATCA AA
CACCTATAATGTAGGTTAACTGACTCCACGAAAAACAATGCTTTCCATCCCCT
GTATTCCACCGAGTGTAGACTCCAAGAGTTGTATTAGACTCTTTGACTTATEC
TAACTCGACACTATATTCAATCTATCAAAGTAAACCGTAATCTGCATTTAA CA
CGTTCTGTATGGAAAAAACACATTTGCATTCCCAATAAACATTGTAAACAGA
ATTTAACCAAAGGGCCATATGCCGGACACGCCGAAGTAGATAGGAATTGCE
TGAAAATCTTTATAAACTCCAATGGATTAACGTAAACGAACAGTATTAAAT A
AACC

>LLP26_G0O479222
CCAGCGGACTCATTTTTATTCGTAAAATCCATTGCATCTCTCCCAGTCTAST
GTCGCGTGCATAAACAACTGCGCTTAGGGACTAATTTTTGGGCCAAATT

>LLP27_GO479223
CAGCAGTCCCATAAATTAATTCACAATTTAATTATTCCTTAGGCAATTAAT TG
AAAGGTAAATGAATAAATCAAAATCTTTTAATGTGACTAAAAATTAAATCA A
AAGGGCTTAGTCAAAAATTAAATATTTTATGGGCCCTAACTCAAATTCCCCCT
TTCGATTTATTTCTTTTACAATTCTAAAGTCACATAAATGAAAAATAAAAT AT
ATTTTTTAATGTTTTTGAATGTTTTTCTG

>LLP28_G0479224
CAGATAGAAGAAGAACCTGGGATGCAAACCGATCTACCTGGGAAAGAACCA
ATAGAGAAGGCAACATCTTTCTCTATATAATTATATAGCAACTATGAACAG G
CAACTCCTATTAACTGGAATATCAATATCGTTCTTGTCTTTTTCTTAGCAACAA
CGATAAATAAACAATGCCTTTTCTTAGTCAACTCTTTCAGCTCTCACGTCAITT
GATACCAACACTTCCACAGCAAGTCTTCGACGCAGATCCCAACAATGCAARA
CATGGTGTCCACAAAAAAAAAGACTCACAACACAAT

>LLP29_G0479225
CATGTGGATTTAACTCTGTTTCATTGTCTCTGTATATATTTTTTTTACCCRGTT
TCTATTCTGTTCCCAGAAACTATCAGACTTTTATATACTAATCAGCAAAAAAC
TTATGTATTTCGGCAAATTTTTTGTATATGAGGGGTTGTTTTCCTTCAACRAG
GAGACTCCAGCAAATGCTACTTCTTTCTCTGCCCTGCGTGGCGTCATTACKC
CGTCAGGGAGGCGGAATCATATGGATTCATCTAGAAGCAGAAAAGCTCCAG
TTATTGTTGAGCTGTTACTTATTTTCTTGTGCCAACAGTGTGGCTGTAATGTT
GGGAAACTCCCCCTTTTTTATCTCAATATAAAGGTTGTGGACTTTTTTCAEG
G
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>LLP30_GO479226
CCAAAGGGGCAGGTTAAACTTACTTTTTATACATCAAAAAGGAAATGCAAG G
TGCATGTCCCTCTGGACGCATAAGTGCTGAATAAACTAGGTGCTGATTGALET
AAAATACAGATCCAAGTTACTTGGATCTATTCGACTTACACTTAGAGAGGGA
TCCAAGAAGGAAGGATTTAGGGATCAAAGAAGAAAAGAAAAATGC

>LLP31_GO0479227
TAGGCACGTAATAATATTAATACGACGACGAGTCCTCCCCCTCCCACGTCTA
TACGTGGCCGGCCGATAACGCGCGACGTTGATAAATATCTCGTAGG

>LLP32_G0O479228
CATATCCCTCGGGTTGTGGCTCTTGTGTATTTTGAAGGATAAATACAACGTG
TTTGAAATCAGGTATTTGTTTAAACAACTATGCACAGTGTTTATCAGATTCTT
TGGAGTGCAACGATGTTTTCCCCTCTTGAAAATGATAGGATATGACTTTCAAC
AATGTTTTAAGAATTTCATATTAATATGCATTGTATAAACTAAGTGCATGG TG
TTTTCAACTCTTAGCTGAACAGTGGGAGATTGTTAATTTTGTTGAGTTTTIGCA
TGTAAAACACTGAAATTTTTATTTTATTGATTGTGCAATGTGTCGATGGAAGT
ATTTTAAAGCTTTTATGTGG

>LLP33_G0479229
CATTAGTATAATAGGAAAACAATTTCTAACAACTGATTACACCATATCTAA A
CTACTCAACTACCCCTAAAATAAAGTAGTTTTTAAATATAAATTAAAATCA TA
TTCAAGTAGACTTTTTTTTAATGATAAAGTTAAATTTTAACATAAATACAA AC
CGAAAAAGAGAAAGGAAAATCACTTAACTGCTATTTTCCGGACACCAAAAA A
ACCTATTAAATTTTGTAATAATATCAGATACTAACCAGAAACAAAATTTGA TT
ATTACTTCCCTGCAAAAGTT

>LLP34_G0O479230
CCCTTGTTGCTGGACATCCCAACTATACACAAAATATAAATGACATTTGTCCT
TTGCACCACCCATGTGGCAATCAAAATATAACTATAGTTGTATGCCAAGCAC
AGGGTCCATAATAAACCTATGCAAATAAGATCCTCATCTAATCACTTTGTCAT
TTACCACATGGAGCTCCAAACCTTTAACACAAAATTGGAATTTACAATATGTG
TGTAGAGTTGGATACACATCACGAAAGGATCAACAACATTCTTGAAGAGTAT
CCATTGCATCCCTGTAGGGAATCCACACTCTCAAAATGATTATAAGTATGEAT
TTCCTCCTACTTATTATCAAATAACCAATGAAATGTGAAAGAATACAAACC A
AACATATCCTATAACAAGATTGATATCTAAACACTAAAAGGATTGGTAAAG G
ATAGGAAAACAAGTAAAAAAGGATAAAATTCATGCTAAAAGTCTAGTCAAA
AGATGACATTGCCAAAGCCCATCGACGACATCCTAAAATAATTGCTTGGAGS
TTTTATCACCATTT

>SLP_LLP1_GO479192
CAGCTACACCTGGGAGCGTGGTGTTAGATGCTGGAGCGTGAGACTATGAGCA
AGGAGAAGTCACAAAGGCAGGCTTTGTCGGATCCTTGTATACAGGACCAAL
CCTTCCTCTCCGAGCTTGTTGTCATCATGAAAGATATTCGTGGCACCTCTAA
CGTTTCCATCTTAAATACCATATGTCCATCAGGATCGGTTGCTCTGTTTTCTC
ATCTTCATAGCCTTTTCCGAATGTGGTGGATTTCAGTCTCTTCCCAGTTGRA
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ACAAGCATGCCATGAATACGAGAGCCAACCCCCCCACAACACCTAAAATTAA
AATTGTGTGTGT

>SLP_LLP2_GO479193
TCACTTGCTAATAAAAATGGTGACTTTGCACGGCAGAATAGATGCCCTTCTCA
ACGGCCTTCCCTAATTTCTAATTAGGGTAGGGCACTGATTTTAAATATAGTAT
ATATAGTTTGCATTTGCTTGTG

>SLP_LLP3_G0479194
CAGCCGGCCTGTGTGCGGGAAGCAGTGACTCGAGCAGCAGGATCGCATCGG
TTCTACAAAAGATACAGTGACATTCTTGGGGTGAGCTACGGATCAAACCTGS
ATTACAACAACCAGAGGCCATTCGGCGCTGCAGTTCAATCTGAACCTCGTTT
ATCAAAACCGTCGTTTGAACACTTCTCATAAATCTGAGATTTCGGATTAGCAG
CAGTCCGATCTCCATCTGTGTA

>SLP_LLP4_GO479195
CACGGTCGCAGACGGTGAGGACAGTGCAAGAATCTCGAAGATGTCCCTTGT
CCATCCTACATCCCCTCTGTCTTCGGCAAGGGAATCCCTGATGTTAATACEA
ACTATTATTTTCTGGAGGAGAGCAGCTTCTGCCTCAGCGCTGCAGTGTCGIE
TCACCGAAGTGATCCTCCGGAATCCAGTTCCCCGTGGCCGGATCCCTCATA
GAACACCGTTCCCTTGTTATTTCCTCCACCTCTGCCTGCCTTGCTAACCTGG
AAATTCCCGCCCCGCGT

>SLP_LLP5 GO479196
CACAGGTTATTGCACTTAGTAGACCACTTATACTAGGTATGGGAAAGAATAT
ATACAGTCGAAGATTATCTGTGTATCTTAGACTGACTAGGTGTCCATATATAA
TCAGTTGAGAGCCAAATCGTGTTTTTATATAAATAAGGCATCCCCATATCAAT
TCTACCAATTCTAGTTGGACGCTGGTTTGTTG
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declining population. Shortleaf pine’s strong sprouting ability has huge potential
in promoting its regeneration. However, little is known about its sprouting
mechanism at the molecular level. A microarray experiment wagnaeisio
study genes responsible for this sprouting ability.

Findings and Conclusions: In this study, one year old shortleaf pine and loblolly pine
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killing. By microarray gene profiling with about 2400 cDNA clones obtained
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response, plant development, signal transduction and hormone regulation. 130
differentially expressed genes were found to be responsible for the dormancy
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differentially expressed genes were detected for loblolly pine. 8abpine
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factor in dormancy release of axillary buds of shortleaf pine. It is apphegnt
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auxins), carbohydrates, and other players of signal transduction work
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