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PineRefSeq Project Overview 
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(Neale et al. 2014) 



+/.#12/"7<,4$*'2._,B0"#6*

MORE 
SCAFFOLDING

V1.0 V1.01

 CEGMA: 197 core genes found

  57%

partial
genes

full length
 genes

CEGMA: 203 core genes found

  91%

partial
genes

full length
 genes

V1.0: MaSuRCA Output
20.1 Gbp spanning 22.6 Gbp
Contig N50 = 8206
Scaffold N50 = 30.7 Kbp

V1.01:
20.1 Gbp spanning 23.2 Gbp
Contig N50 = 8206
Scaffold N50 = 66.9 Kbp

(Neale et al. 2014) 

   CEGMA 248 Core Conserved Genes    
(Parra et al. 2009) 
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•! A$$7*4.<$*7."/*1$(5$#2"#6*,&*#$$0B$*;115$@*51"#6*B,#6$/*B"K/./"$1O*

*

•! a#L.#2$0*6$#$*4,0$B*2,=$/.6$*51"#6*</.#12/"7<,4$*12._,B0"#6*

*

•! Z$/E*B,#6*12.B$*2,#;65"<E*8bYNcWDK79*51"#6*&,14"0*$#0*1$(5$#2$1*
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Goal:  
Maximize total complexity with  
good individual library utility (cv) 



d"/1<*<L$*4$6.N6.4$<,7LE<$*

loblolly pine
Pinus taeda

cytometrically estimated
1N genome size

22Gb

Accession 20-10-10
VA Dept of Forestry
US forest service

megagametophyte dry weight
mean  23.5 mg (n = 105)

sugar pine
Pinus lambertiana

cytometrically estimated
1N genome size

33.5 Gb

Accession 5038
US forest service

megagametophyte dry weight
mean 224.5 mg (n = 40)

Douglas fir
Pseudotsuga menziesii

cytometrically estimated
1N genome size

19 Gb

Accession 412-2
Weyerhouser Co.

megagametophyte dry weight
mean 11.1 mg (n = 105)



e=$/*XOY*+K7*,&*1$(5$#2$**&/,4*UBB54"#.*7B.f,/41*

!"#$%$&'(&)* +,-.$/0*,. 1$%20*,.'-"3* 4*%5'6*,2.7 89:*$%2*
+66/0",%')%"$*5;*,5 <"=*> ?@@;ABC D@@EFD@@$ G?H
+66/0",%')%"$*5;*,5 IJ++H ?@@;ABC DA@EFDBA$ ??H
+66/0",%')%"$*5;*,5 K"=*> LB@;ABC ?B@EF?B@$ MDH

HiSeq GA II x MiSeq
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Number of copies of k-mer observed
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Number of copies of k-mer observed
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%$="1";#6*<L$*156./*7"#$*6$#,4$*1"I$*

M,-*2,47B$<$*./$*<L$*B"K/./"$1i*

aJ"1;#6*$1;4.<$1*,K<."#$0*&/,4*<L$*

:$-*3E4#,17$/4*ASC*;N=.B5$1*0.<.K.1$*

>5//.E*R3@*P$"<2L*UG@*R$##$m*>AO*XWVXO**

3E4#,17$/4*ASC*;N=.B5$1*0.<.K.1$*8/$B$.1$*YOW9**

http://www.kew.org/cvalues/ 



C*DN4$/*3$#,4$*'"I$*a1;4.<$*

P. lambertiana genome size �  
  

total k-mers in P. lambertiana genome �  
 

total correct k-mers in reads  
expected depth of each correct k-mer in reads 

*

expected depth of each correct k-  in reads 
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*

•! U#75<)*

–! VX@rss@WWX@sYW*7."/$0*$#0*/$.01*

–! V@rgX@rXW@bbl@rWW*K.1$1*

–! iii*0"1;#2<*ggN4$/1*

*

•! e5<75<)*

–! VX@rYr@VlY@WrY*7."/$0*

$#0*/$.01*8ggOrY[9*

–! V@rYV@sYW@Vlg@scs*K.1$1*

8gsOrb[9*

–! iii*0"1;2<*ggN4$/1*
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*

Fosmid colonies 
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•! H$*1<./<*-"<L*.*&,14"0*"#1$/<*8bYNcWDK79*

•! a#0*1$(5$#2"#6*7/,<,2,B1*0$=$B,7$0**

"#*<L$*0$*G,#6*B.K*

•! C*<-,N7/,#6$0*1</.<$6E)*

–!d"/1<*6$#$/.;,#*#"2D*</.#1B.;,#**
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•! +/.0";,#.B*.77/,.2L$1*51$*#"7I&0,(#%'(-2#*

<,*/$052$*<L$*1"I$*,&*.*bYNcWDK7*"#1$/<*<,*.*

4.#.6$.KB$*1"I$*&,/*

7."/$0*$#0*"BB54"#.*

B"K/./EO*

*

*

83#$//$*+0&('1&XWVW9*

8H"BB".41*+0&('1&XWVX9*
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*



?L.BB$#6$1*,&*S+*d,14"0qd,11"BB*A"+.61*
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Fosmid size distribution 
estimated from aligned  
DiTags. 
 
Median fosmid size estimate 
is 37.5 Kbp. 

•! S,#Nt5#2;,#*&/.64$#<1*8XNVb[9*

•! ?L"4$/.1*8XNr[9*

•! P"4"<$0*2,47B$J"<E*

•! CB1,*1$$*H"BB".41*+0&('1&XWVX*

*



C#*.B<$/#.;=$*.77/,.2L*<,*A"+.61*



A57B"2.<$1*=1*/$7B"2.<$1*

Three fosmid replicates, top and bottom are PCR duplicates 

Library 1: type “NT” 

Library 2: type “TH” 



A"+.6*C#.BE1"1*!"7$B"#$*

•! '"4"B./*<,*S$J<$/.*7"7$B"#$1**

8P$6$m*+0&('1&XWVcu*ev?,##$BB*+0&('1&XWVc9**

–! S$$0*<,*0"1;#65"1L*&,14"0*/$7B"2.;,#*.#0*!?%*057B"2.;,#*

–! d,14"0*2,#\/4$0*-"<L*rbN4$/*.77/,J"4.<$*4.<2L"#6**

8VY*k*YW[9*

•! ?B.11$1*,&*rbN4$/*1$(5$#2$1O*

–! U#1$/<*"1*"0$#;\$0*.1*&5BBE*1$(5$#2$0*-"<L**

"#<$/#.B*<.6**8sW*k*gY[9*

–! +.6*"1*&,5#0*"#*<L$*\/1<*,/*1$2,#0*/$.0*8Y*N*bW[9*

•! +,*/$052$*2L"4$/.1*8w*WOb[9*-$*B,,D*&,/*<-,*

"#0$7$#0$#<*&,14"0*8#,<*!?%9*/$7B"2.<$1O**
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!"#$%&#'
#-95-36-&'
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'56./*7"#$*H3'*'544./E*

•! A$$7*/$7/$1$#<.;=$*L.7B,"0*2,=$/.6$*2.#*K$*,K<."#$0*

&/,4*.*156./*7"#$*4$6.N6.4$<,7LE<$O*

•! 123*456789:;(L"6L*(5.B"<E*:%$<"-("'-(2,=$/.6$*,&*<L$*

=5>9(+?@%<(:$'"(6$#,4$*L.1*K$$#*,K<."#$0O*

•! A1(+?@%<(:$'"(,%&"(:%$<(!$9<%<$"+(L.=$*K$$#*2,#1</52<$0@*

7/,2$11$0@*.#0*/$15B<$0*"#*BB3(:CD+$/%!(/*#"<%@"@*cWJ*

&/,4*B"K/./"$1*VWDK7*.#0*B./6$/O*

•! d,/*B,#6$/*B"#D10(e=$/*E3(:CD+$/%!(/*#"<%@"(.<*,(
=AFGHI9:(J$8%@+*&/,4*&,14"0*B"K/./"$1O*

•! 3$#$*4,0$B*2,=$/.6$*<,*K$*"#2/$.1$0*KE*</.#12/"7<,4$*

12._,B0"#6*8Vs@Vrc*</.#12/"7<19*



A,56B.1*\/*7."/$0*$#0*1$(5$#2"#6*

The total sequence generated was 1.08Tb representing 58.3x  
sequence coverage of an 18.6gb (O’Brien 1996) Douglas fir genome. 
 
All Hiseq 2500 Rapid run 2x150 
 

!"#$%&'%(&')#*$"$#%+ ,(+%$-'.#/%'0"(1% 2*3 .%45%(6%'789%$"1%
! "#$$%&'()$$%&* #+$,-$ ++.)
, ")$$%&'(/$$%&* #//0$# +).#
! "/$$%&'(!$$%&* #$---1 ++.#
! "!$$%&'(,$$%&* #+1!/# ++.-
! ",$$%&'(-!$%&* #$+0!, +$.0

:8-")+ #, +$1)1/1 !1.)



A,56B.1*\/*B"K/./E*2,47B$J"<E*25/=$1*
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A,56B.1*\/*DN4$/*L"1<,6/.41*

Number of copies of k-mer observed
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A,56B.1*\/*3$#,4$*'"I$*a1;4.<$1*

!" #$
%&'()*+,-./0 12!$34$$ 526#34$$
3//&7.&80*+,-./0 92":34:; 62;!34:;
%&'()*<&//.<'*+,-./0 12$934$$ 529634$$

3=87>?8.*+,-./*@.A'BC*-&@. !"#$! "52:5
D.7&-.*0>E. $26$34$: $26$34$:

3=87>?8.*+,-./*@.A'BC*-.(7 9:2"" "6256
D.7&-.*0>E. $26!34$: $26!34$:

!"#$%&'$()*+

Compare to 18.6 Gb (O’ brian 1996)  



?,#"&$/*d,14"0*!,,B1*

Paired and and mate pair data from one lane of HiSeq 2500 sequencing 
assembled with SOAP denovo.  

Douglas-fir 3832 Fosmids 136.8 Mbp

Scaffolds >= 20k Min Q1 Median Q3 Max Mean Total (Mbp) Coverage
3704 20037 27412 32020 35149 74523 31635.2 117.2 86%

Scaffolds >= 30k
2340 30000 32347 34280 36784 74523 35034 82.0 60%

Sugar pine 4990 Fosmids 178.1 Mbp

Scaffolds >= 20k Min Q1 Median Q3 Max Mean Total (Mbp) Coverage
4963 20029 27534 32529 35868 92088 31947 158.6 89%

Scaffolds >= 30k
3214 30006 32714 34819 37445 92088 35557 114.3 64%

Loblolly pine !"## !"#$%&# $"!%& '()

Scaffolds >= 20k Min Q1 Median Q3 Max Mean Total (Mbp) Coverage
*+,- .///0 .*+10 .-232 **.0/ +2+,1 .--/+ 1/,43 0+5

For more info: 
  
P0988: Paul et al., Repeat Sequence Characterization in Sugar Pine  
(Pinus lambertiana) and Loblolly Pine (Pinus taeda) 



+L.#D*E,5*




