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« What is this guy doing here ? »

« Can PostgreSQL handle scientific databases ? »




What is genomics and why bother ?
Y 17 =\

I
_——  Genomics: « The study of the entire genome (all genes) of a species »

DN A the Molecule of Life f \

iy
L

. cell
chromosomes

3 000 000 000 Genome size 390 000 000
~23 000 < Number of genes p ~53 000

1 ! .

«Health and disease *Genetic improvement

*Heredity
setc.
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Why study TREE genomics?

_—Cellulose gene

Normal
== CGACGTTAATGCCACTC—z:x

Variant
R p— CGACGTTGCCACTC —
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Why is a genomic DB essential?

Species

A T AT AT T A TG T T T TG A A A A TCEAGCCCATGATATT
AT G A A s T T TG T TS T T AT T T T TG T A A b o
T T T s s s T T CATCAACCCCC TCCTT O
L o =T AT T T e n s o e T AT T ATC TTCAACC TG GACTGT AT
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TETT T T TTC SO ST T T G & A

{ = TCAT I A D B f b
T T T I T A A A A s o T T T A A A n T A A a T AN AT O

T T T AGCC TR A A A A AT T AR GA ARG GACTTGAAGETTACGAAGAACAT
OA EAGAs AT AT EET TAATETC G AGAAGAGC TTTGARAAACGAGAT T TEET Ca
CTCTOCC TG TC T T TAT TACATCCACGC TTATGGAAARCGETGETGTTCCAG
T TS s R T A TTCTC TGAT A A ACGAAGCCATTCACGTCATAAGT
FAGARAACTEAAT EEEECALAGAGATCEEAT ZEATATA
&Eﬁ @%AG&GGATA.T CCTGACAGETTTCAAAARTECACTECCGTE
GTTGGCGATCGETATACTECATGCCCACTAGGCCGECATTCAAAGGATCT
G TCCTATTAAT T TETCAGATCETT TECACCAGSTTCTTCGTTGEECETT
CECTITCCATCGAAR A TTTTCATGAGTAGACATTGCCCACTCTEETATGCCT
AT G GAGGAAACC T AL A A TEGCTT AR AGATTCGCCTATGTCAATACAATC
ETTTACCCET TCACC TCAATCCCGC TCATC GO TTACTGCACEC TOCCCEC
CATATGETCTITCTCACAGGAAAR ATTCATCACTCCAACGCTTACAAGCCTTG
CTAGCETCTGGETTCATGEETCTTTTCTTATCCATCATAGCCACTEETGETT
CTaACAGC TEAGAT R AR GACRTRAGCATC GAAGAGT TC T GEAGA ML C A
A ACARCTTCTEGEGETCATCGGEAGEEETCTCTECTCACTTITTTTGCTGTTTTTC
AAGGCC TGO TCAAGE TG TTGECGEE TG TEGACACCAAT T TTACAGT CACA
A AR T AR AT A A A A ACAR A TTTEEEEAGETTATACATET T C AR
H T S A GACCCTECTCATTCCTCCCACTACCTTGCTEATAARTAALRTCT G
S I ZeT FAGC TG TAGCAGGTGTTTCGTCTECAATAAATAATAACTACCAATCA
T EREEEACCECTC T TTEGAA MG TCTTETTCGCC TTCTEEETEATAT TGO
ITCTGCTATCCC TTCCTCAAGSGETCTTCTEEGAARGGECAGARCCGARCECC TR
CTATCGTGETACTGTGGTCTATTCTGCTEGCCTCCATCTTCTC GO TTGTG
TEEETEAGEATC GACCCAT TCCTECCCAAGTTCGAAGETCCCATTC TT CA
CCAARTETEECETCGACTETTAARC TACCTCCTCTCTTCTGATCATTTAT A
ATTCTATTCATTCGTATTCAGAT TTTGTAATCGATTGAACCATAAMACTS
A A AT T TAT TAT AT AT T TETGAATECTATTCATTCGEAT GCAL S TA

TrTICoTen e T oo aCC oo T A o C A A TTOC A CTOC ST ACT ST A DS
- ATECAALTCTTT T TG TAATCAACACTTCZCCE
Functions romoso N .

Cell wall metabolism
v
Cell structrure

Interaction with'ysis
4 other genes

...now about thousands of genes...
Similarity with ...for thousands of species?
other species



Public genomics DBs
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& What s GenBank?

GenBank® in the HH -::ﬂ!ll: wﬂwt dafsteins, aﬂ srntabed l:u l-l:Ivm of ol pl.l:itlr
vailuila TME Siquentes

Eppcila by l:ﬁ,:x?l_lin}:')& haass n 508 ASLERD # equence et inds I|||
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W35 demsar ws af Sapusi 2009
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anavaaong eechargs sy an 3 dady bosis

Genbank
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v s b e A s Wi
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he sccesaed Srpugh b MEE Flu Baeogres

http://www.ncbi.nlm.nih.gov/Genbank/
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Our PostgreSQL Databases

__TreeSNPs Y — B

Genes and variatons 0 r_m =T

*Ruby on Rails interface |
oMulti_language Support :"_'_'.' e e

«38 tables
«~450 K records e
*Mostly manual entry T o oy R e B S B

phpPghamis  [adies - Warsls g
T Th B gy pelasis Tk e

ST
a -2 b o 1 e T T M (o AR T Mt it e Rttt ety | ¢ .
N e TR e TR T e 10 e s [ o g e Cip B st bt e Tacks U L Vewage L) e hmotes gy b Derdime it A

5 bwsedidroam 5 detwves md cesnn . | ]t onste | S coppaokigy - | o TR Hone Pag R L |

e R TR, ey P—" R F——

Observable attributes e
(physical, morphological) =

*PhpPgAdmin interface 2 B2 2
«21 tables
«~4.1 M records
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i Arhorea  reeSNMTreeSNPs overview

General views g 2 =
Classified contig10660 (dir8)

Summary | Gene family 4CL
| Gene family: 4CL
Genes and/” )
contigs
e | SNP 08Pg10660a
Gene fam)
Summary] TCCAGCCGGACGAYGTCGTGECGTTGCCTTATTCATCCGGAACAACGGEG  GOO01L.BR P15 (1.2)

Emasty CTCCCCRAAGGGCGTAATGCTAACGCACALGGECCTGGETGTCCAGCGTTGE
GCAGCAGGTCGACGGTGA [C/G] AACCCCAATCTGTATTTCCATTCGGAG
GACGTGATTCTGTGTIGICTTGCCTCTCTTCCACATCTACTCTCTCAATTC
Contigs | GGITCTCCTICTGCGCGCTCAGAGCCGGGECCECGACACTGATTATGCAGA 435 (dirB), 13143 (dir8), 12582 (dird),
BATTCAACCTGACGACRTGTCTGGASCTGATCCAGAGATATALGGTTACA
GTTGCCCCAATTGTGCCCCCGATY

Expressio|
Gene pos.: Exon - codant (CDS) ty

R3 (dir8), 01428 {dir8), 01718 {dirg)

Genes

Classified

Primers

= - _ ATATTA ATATGCATART
Mutation type (CDS): COS/non-synonyme b rC cATATGATAC
pCRE CEITEC ACCEATITAT
—_—— ] cl . 2 BREEEE I
; DS CATCTG GARATTEATR
S‘Equenmr IJ [ ] TTCATT TIGCTIGCARAG
—] GFRACEEC GRACTTGEEEAR
SHPs i ip? i i ? i . chi ? CTACAR ARCCACCTEC
Chip To be send on chip ? M.appmg ch_lp SUCCESS 7 N.at pop cl_llp SUCCESS Tkl
PGLM1 ] wPolymorphic wPolymorphic | -
Logout \ wD1 ] wPolymorphic w'Polymorphic )I'A d-coumarate--CoA ligase (EC 6.2.1.12)
4CL-4 13148 (dir8} ] SNPs (5):
Mapping Mapping .
Name Position ¥ o' Pool parents  pool ;Ir!z:r:na
ACL-5 12582 {dirg) O 4 m - & g Prlﬂlﬂt‘i- priority. s
OEPQ10660D 264F ® v 2 0.595
ACL-6 14172 (dir8) O 4 0EPg10660c 335 v K v 2 0.554
08Pg10660e 320F B v ® 1 0.841
0EPg10660f S530F ® v v 2 0.678 /—
Add a contig

Edit | Gene families
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TreeSNPs overview (cont’'d)
| | Y -\

| .
L ab p I ate PCR results for primer plates 008-F and 008-R
- ._.-' Mew PCR plate for primer plates 00S-F and O0S-F I t
Enter PCR results for PCR plates 008-F and 002-R EES u I tS
PCR-functional primer pairs: 57
Paralogous primer pairs (i.e, haploid sequencing failed): @
008-F |01 [1F3 03
008-R
A B207-F 8247-F 8347-F
S207-R 8247-R 8247-R
== 6§20 bp == 607 bp == 599 bp
TL-52 (TDA) : OK (800 bp) | TD-S2 (TOA): E TO-52 (TOA) : 0K (600
B 2324-F S016-F S023-F
2384-R S016-R S023-R
== 553 bp == 670 bp == 623 bp
TO-58 (TDA) : OK (800 bp) | TD-58 (TDA) : OK (900 bp) | TD-58 (TOA) : OK (400
C 9572-F S629-F SET2-F
9572-R S629-R SET2-R
== E10 bp == 591 bp == 526 bp
TO-55 (TDA) : OK (800 bp) | TD-58 (TDA) : OK (700 bp) | TD-58 (TDA) : OK (600
1] 101432-F 10175-F 10211-F
10143-R 10175-F 10211-F
m BN ke - EaT ke m LA ke
Primer plates 008-F, 008-R
I “ame: D08-F, 0DA-R
P ate ownload = CSY (plake formath
V I eW ong-F [ 01 o2 03 4 05 06 az [i1:] oq 10 11 12
ooa-R
A BAGOY-F 47k g4347-F SEL8-F 25G4-F gL581-F BGt3-F S620-F BR15-F SRO0-F S044-F
B397-R 2247-F 3347=R BESR-R 25648 BERL-P BEL3-F BE20-F BRLE-E EHES-R 8544
B 2-F QO1E-F a03ga-F e 3 0aG1-F 9304-F g430-F 2514-F 9527-F Q55G-F aRsa-F
BO24-R 2016-R GR29-R QFR?-R 3A61-R G304-R g420-F S514-F O5g?-R S559-R QLSO-R
' a572-F SRIG-F 9673-F a749-F QRGZ-F G823 -F oga1-F Qa5- Q935-F SUAE-F gg55-F
Q572-R BE29-R 9573-R 9749-R R02-R S223-R D35i-R S022-R 9925-1 F933-R 99E5-R
1] 1143-F | 10175-F | 1o211-F 10238 -F 102en-F 2as-F 10392-F | 1043d-F 10480-F | 10861-F 10E05~F 1
10143-R 10175-R 10211-R 10238-R 10290-F 1029E-F 10392-F 10424-R 10430-F 10561-1 10205-R1
E a5%1-F1 10707-F1 | 10076-F1 | 7749-F1 102a2-F1 | 1028p-F2 | 10282-F3 | 5745-F1 E297-F] ozr-F2 | 1o672-F1 | 10872-F2
DL3i-R1 10707-R1 | 10076-RE | 7740-R1 102e2-R1 | 102392-R2 | 10282-R3 | 5745-R1 S227-R1 S227-R2 10672-R1 1G672-R2
E 10050-F1 | 10375-F2 BaT=F] aRTI-Ea EQTO-FT | f2T-F] ST T-F ] 1T TR-E2 TL10-F 1 EEmf-r] L070-F2 IH0A-F ]
10052-R1 | 10375-R2 | S622-R1 oeZ2-R2 icov2-p1 | 6279-R1 8776-R1 BYTE-R2 TH10-FL Shas-R1 1070-R2 8s06-R1
G 4a7-F2 | 1¥82-Fr | 11l1s4-Fg | 115B3-F2 | 2841-F3 | 3163-E1 15185-F1 | 10468-F1 | 10056-% a0fe-E1 | GR9E-F1 10215-F1
6487-R2 1782-p2 11i44-R2 | 11283-R2 | 4241-R3 2163-F1 15152-p1 | 10968-<E1 5 F 2064-R1 EE96-R1 10215-A1
H g843-F ] 15580-F1 | 12831-F1 | Zaag-£] 1E3-F ] 11855-F1 | 12982-F1 | 10%ea-F1 | zoase-ep | 1ose1-k1 | 1ose1-ep |1osi3-Fi
g393-R1 [ if G053-R1 | 21865-F1 | 12962-F1 |10386-R1 | 10350-R9 | 10581-R1 [ 10S8L-RS | 10213-Ri

Primer plates | PCR results for primer plates 008-F, 008-R
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TreeSNPs overview (cont’'d)

Example of calculations (viewé):

Summary by gene family

Gene families: 129

Motes:
QOONC: ather unidentified contigs, to be classified

Inred! Success rates below 50% (OCR, sequencing) or 309 (global success)

Gene Contigs | Unique | Analyzed | Primers SMNPs
family genes | regions Total | Synth. | PCR Sequencing Global | Total | Per unigue Per
Tested |OK | % Tested | OK | % success gene region
ooorc 4374 ] 2125 | 1198 1182 1141 717 B3% B27 423 67 % 42% | 3043 - 1.4
4CL is 15 G 1z 12 1z 12 | 100% =l o 75% 75% 18 1.2 2.0
ACT a8 0 g 10 10 10 4 | 40%o 2 2 | 100% 40 % &) - 0.6
&G0 Z ] 7 1z 12 1z 10 33% 10 10 | 100% 83% 27 = 3.9
LGP 23 17 24 44 22 44 28 B6% 24 20 59% 51% 75 4.4 3.1
ap 2 ] 2 2 2 2 2 | 100% 2 2 | 100% 100% 2 = 4.0
apz a8 22 44 63 29 a3 a7 o0% a3 31 Q6% 87 % 99 4.5 2.3
LRF 2 ] 1 2 2 2 2 | 100% 2 2 | 100% 100% 3 = 5.0
ASF 1 1 1 2 2 = 2 | 100% = 2 | 100% 100% 3 3.0 3.0
AUX-TAA 55 23 31 56 50 53 47 | 89% 45 41 | 91% 81% | 121 5.3 3.9
BGAL 13 ] 15 28 28 28 16 57 % 14 10 F1% 41 % 47 7.8 3.1
bHLH 18 ] 17 33 33 32 32 | 100% 26 24 92% Q2% 70 = 4.1
bZIP 28 17 44 [at=] 42 &7 47 70% 28 36 05% G6% 79 4.6 1.8
BZR 1 ] 1 2 2 2 2 | 100% 2 2 | 100% 100% g8 = 2.0




TreeSNPs overview (cont’'d)

1 |
!
|

I'; Arborea TrBESNPs

e Download and Installation

o
=

Owerview

TreeSNPs download page & demo version ‘ o R et s a1
http://treesnps-pub.arborea.ulaval.ca:3000/download U

- U:ﬂr mamal I e b s 10 sl 1N hglr'll"'mf
b Duickwtorinl ) SWASepaneRe
i7a % . List ofeanpiclala gemas, selectsd from
: MERDUBRMIE 5| afpiens derelaged ar candwiate penes 2]
F atedaus 4 PCRmsuisusing 3]
(A L P g g aning sesudEan 1)
&, Dugeouerar SMF7 on 15)

DEMD wersion
Giwen this data modal, the daisbasa can ba used for 2 vansoy
b Ty il thise sheps
P Ay, | HMals wiss guest TreaShiFs was designad b hene 8 SeCume, SanduTent, wab
| TR R R e ———— 'l a5 SO reseanchers and st o8 canrel databese. Acdiborally o
i kL A v panmaend for deta Summarizing, anakss end expom in e vateny of 1o

Adopted by U. of Alberta’s (Canada)
Laboratory on Moutain Pine Beetle

sk T
g i

-y Sl
"\ Tree Genetics
Ge_i:nomes.‘

A paper to appear soon in
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PhenoTree overview
e = a

What data is stored ? '

o

Dimensions & morphology

Wﬁ > 60 K records

Wood analysis

-——-—-——-.J Wﬁ ~ 4 Mrecords

Other data:
*Geographical locations
*Tree pedigree



PhenoTree overview (cont’d)
y 17 =\
\/_\(ﬁpod analysis properties table

File  Edit  Wiew History Bookmarks Tools  Help

[ € ] - U i i htkp: /132, 156,209, 136/phppgadmin/display  php?server=%3a5432% 3aalowidat abase=phenotree_mirror_|Fcischema=publicitable=silvisc N '°‘§'
¢ Arborea CCFB ULaval CFL SCF gy 10 Home - Silviscan Error reading file CifP... # Pg_testore best practi... Tools DEs CaoP Yayage Groupe Autobus Auger ﬂ Dendrome Project Reyues >
) 1
Bases 0 . i |
4.00 8.00 1200 1600  20.00 24.00 28.00 32.00 36.00 Radius (mm)
Postgre: —_ — — = = —

— read every 25 um

Action R tallite_wit
lEssoe1 144 4 04 297 258 332 255 1165 225 3 3 0145 38 152 453
ESEDA1 144 5 0125 309 266 356 202 1057 226 | 34 0143 38 168 426
_ |Es6ost 144 & 015 3@ 247 354 o 1142 226 8 34 0143 38 163 432
Edi | Delete |ESS081_1. 4.4 7 0475 325 245 35 280 1185 226 3 0143 38 166 426
Edit | Delste |ES8041_ 8 02 345 259 353 4 1096 226 1 3 0143 38 182 389
L . : 261 ’ e e 2o 0143 38 185 384
Fibre dimensions =
%3 942 treeS 0143 WOOd 341

Cells count 5 X NPT < - o
26.4 0143 n I a3
S T Joes ~2100 reads/tree wde Sity

B3 ORD ORI ORI ORI RD ORI ORI ORI ORI R3 ORI ORI ORI ORI R ORI RD ORI ORI ORI ORI ORI ORI R ORI ORI ORI RA ORI

Eci 215 335
Ecit ‘¢‘ 25. 0143 38 218 331
Eci a0 g * 257 g 0143 38 228 318
Ed.rt 257 1 98 M readS' .... 0143 a8 234 30
Edt 252 . . /N 24 303
Ecit 243 - - - - etC 25 293
Eci 254 333 428 1186 228 392 34 " 256 274
Ecit 26 334 445 1152 228 392 34 0143 38 275 267
Euit 262 337 445 1132 228 392 34 0143 38 272 269
Ecit 252 334 426 1189 228 392 34 0143 38 267 275
Eci 245 334 433 1204 228 392 34 0143 38 272 270
Ecit 253 344 459 1145 228 392 34 0143 38 283 260
Ecit | ol 252 338 441 1176 223 333 34 0143 38 275 268
Edit | Delte |ESBOST 1 & 4 28 07 517 244 324 408 1267 223 393 34 0143 38 265 278
Edit | Delete |FS6041 1.4 4 29 0725 523 24 37 398 1314 223 393318 0182 73 253 280

30 row(s)




PhenoTree overview (cont’d)

| | \ )
Example of calculations 1 (SQL views): Growth ring averages

s % . ¥
T L‘E”_-‘:-r pP X .4 I ]

“‘_Jﬁ 2 & Lot bt ._AJ__E\.._.J )

File Edit Miew History Bookmarks  Tools  Help
¥ k;J ta &4 http:ff132.156.209.136/phppgadmingsql. php v ;“I B

W Arborea CCFB ULaval CFL SCF i@ 10 Home - Silviscan Error reading file CHP... # Pg_restore best practi... Tools CEs CoP Woyage Groupe Autobus Auger j—, Dendrome Projeck Revues »

Bases de d . . s - - - — - " -

0 4.00 8.00 12.00 16.00 20.00 [
: - : : . ! Radius (mm
PostgreSoL 24.00 28.00 32.00 36.00 5 { ) B oot
ESE0&1_1 137 _ . SESE 55
ESEO&T 1 137 BSEESS
ESEO&T_1_137_ Q Q0 FasEss
ESEOAT_1_139_ SLESS
ESE0&T_1_139_ L4601 7
— — — — — m—

ESE0&1_1_139.5 20 50.4 25247 STE36T4527ET 28 BET 952659537 27 457704928036 361 45109887763 1318 97270226085 7. .34768867 5058559 5.08300559955195 14 1273061047556
ESE0&1_1_15_2 23 4593 2125200505305 40.3% X T 5T SR A0SR d2 AlnanSE A S0 T2453 83270307 4.17651420579354 S TE2T 58665505 15 4561705767405

ESB0AT_1_15_5 b 6385 3.0404761 9047618 557

G42F4R7E 567 250546093956 1513345702576 2592337528664 36 74695150297 5116 27 650637257 3248

3 Ring width ;mm)  4.35 453 3.70
Ring area mm?  122.3 253.4 302.8 Ul

Wood density (kg/m3) 744 664 611
Fibre width (um)  22.95 23.85 23.89 942 trees

Cell counts ¢mm?) 1369 1446 1699 ~16 rinés/tree

15 K records

1234567891011 1213141516 1718

http: 132,156,209, 1 36/phppgadmin/redirect php?subject=serverfserver=:5432  allowa,
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PhenoTree overV|ew (cont’'d)

“\
Example of calculations 2 (SQL Views): crosstab function

tree_name year height

E56041_1 10521986 220
E56041 1 105 21992 450
E56041_1 105 21997 640
_ E56041 1 105 22005 940
Logical, ES60A1 1 106 31986 230
but not very useful... E560A1_1_106_31992 510
E56041 1 _106_31997 670
E56041 1 106 32005 1070
E56041_1 124 11986 160
E56041 1 124 11992 410
E56041_1 124 11997 620
ES60A1 1 124 12005 840

crosstabl

... tree_name height_1986 height_1992 height_1997 height_2004 height_2005

-this Is it what E560A1_1_105_2 220 450 640 NULL 940
end-users want ES6041 1 106_3 230 510 670 NULL 1070
ES60A1 1 124 1 160 410 620 NULL 840
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Systems and user base

sFormerly Access projects (2006-7)
*Migrated to PostgreSQL 8.3 under Fedora (2007-8)
*Migrated back to Windows (2009)

University
network
Production
_f Server
VPN
Gov. <
Canada Il > B
network
Mirror \ D
server

*Around 20 scientific users (Universities, Federal Government)
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PostgreSQL and Wrndows —can it really work ?

Task automation with DOS
« o imited functionnality

Ef#Solq tion? .| Windows Task Manager |

63
65 date_fichier=
i tDhate de mod

| Cygwin
Unix/bash scripts

73 process_id=
74 t

: irI[ “_.4—— _ ] ?t_:}_‘ POStg I’eSQL

Scn‘pt examples >> $1log / | ok
"“Start Rails Server (DOS) )
"BaCkUpS (DOS)* _ i ¢ gs_path}/${temp_log_file_name}
.'sBackup files cleaner (bas“h) S

o « VPN connexion to productlon server (DOS)
-Mirror synchronizing (bash DOS)

------

pri m-Users & pnvrleges report (bash) ath) /5 temp_log_fie_name)

=8

Thanks Greg Smrth (http //wrkr postgresql org/wrkr/Automated Backup on Wrndows)
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Developing databases for the scientific community I
LT 4

Suggestions:

*Have a user-based approach
1. Know/answer the user’s needs
2. Limit technical jargon

3. Think ‘usabillity’
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Done ?

SELECT tmp nngs.tree_s b f t, tmp_rings.experiment id, tmp_nngs.ring_pith to_bark, bad rings.nng_pith to_bark 15 NULL AS 15 _valid, tmp_rings.start_index,
tmp_rings.stan_pastion, tmp_rings.end_index, tmp_rings.end_pasttion, tmp_tings.width, tmp_rings.area, tmp_rings. avy_density, tmp_rings.avy_radial_diameter,
tmp_rings.avg_tangential diameter, tmp_rings.avg_coarseness, tmp_rings.avg_cell population, tmp_rings.avg_ray_angle, tmp_rings.avg_isopycnic_angle, tmp_ings.awy_mfa,
tmp_rings.avy_diffraction_intenaity_cv, tmp_rings.avg_mae, tmp_rings.avg_wall thickness, tmp_nings.avy_specific_surface, tmp_nngs.avg_crystallite_width,
tmp_rings.avy_crystalinity, early woods.start index AS ew star index, early woods start_postion A3 ew start_postion, early waods.end index AS ew end index,
eatly woods.end_position AS ew_end pasition, early_woods.width As ew width, early_woods.width /tmp_rings width AS ew percentage, early_woods.area AS ew area,
early woads.awy_density AS ew avg_density, early woods. avg_radial diameter AS ew avg radial_diameter, early_woods. ag_tangential diameter A
ew _avy_tangential_diameter, early woods.avg_coarseness Ao ew avg_coarseness, early woods.avg_cell population AS ew avg_cell_papulation, early woods.avg_tay_angle
Ao ew _avy_ray_angle, early woods.avg_isopycnic_angle AS ew avg isopycnic_angle, early woods.avg_mfa AS ew avg_mfa, early woods.avg_diffraction intensity_cv AS
e _avy_difftaction_intensity cv, early waods. avg_moe AS ew avg_moe, early woods avg_wall_thickness A ew avg wall thickness, early woods.avy_specific_surface Ao
etir_avg_specific_surface, early woods.avy_crystallite width AS ew avg_crystallte width, early woods.avg_crystallinity As ew_avg_crystallinity, late_woods start_index AS
b start index, late_woods.start_position AS w_start_position, late waods.end index A lw_end index, late_woods.end position A hw_end position, late_woods.width A3
w width, late_woods.width / tmp_nngs.width AS lw_percentage, late woods.area AS hw_area, late_woods.avg_density AS bw_avy_density, late_woods.avy radial_diameter
Ao b_avg_radial_diameter, late woods.avg_tangential diameter A5 lw avg tangential diameter, late woods.avg_coarseness AS lw avy_coarseness,
|ate_woods.avg_cell_population AS bw avg_cell papulation, late woods avg ray_angle A lw_avg_ray_angle, [ate woods.awg_isopycnic_angle A lw_awg isopychic_angle,
late_woods.avg_mfa AS w_avg mfa, late_woods.avy_diffraction_intensity_cv AS lw_avy_diffraction_intensity cv, late_woods.avg_mae AS w_avg_moe,
|ate_woods.avg_wall thickness AS hw_avg wall thickness, late_woods.avy_specific_surface AS w_avg_specific_surface, late_woods.avy_crystallite width AS
b avy_crystallite width, late_woods. avg_crystallinity A b_avg_crystallinity

FROM tmp rings
NATURAL LEFT JOIN bad rngs

JOIN trp waods early woods USING ftree s b f t expenment id, ring_pith to_bark)

JOIN trmp woods |ate waods USING (tree s b {1, expenment id, rmg_mth_ 0_bark)

WHERE early_woods.transition = 1 AND late_woods tranaition = 2

ORDER BY trp_rings.tree_s_b_f1, tmp_rings experiment_id, tmp_rings.ring_pith_to_bark




public.branch_measures

teact (2147 433647)

2 branch_number

public.silviscan_measures

Y

publicsilviscan_experiments

Fotree s bof o text (2147493647)

4 index int

“id intd

public.verticil _measures

 tree_s b ft texdt (2147 483647)

+ werticil_number  intd

public.chemical_measures

public.sites

“tree_s_ b f ot

public.trees

4 code  text (2147483647)

public.population_types

< name text (2147423647

public.organisms

j\f\!

text (2147483647
“ segment_bark_to_pith intd

public.trunk_measures

“tree_s_b_f t text (2147483647)
! oyear ints

45 b ft text(2147423647)

“oname  text (21474283647)

Lo public.families

< number int

Y

public.family_provenances

o test tect (2147483647

o number ints




