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Figure S1. Length distribution of all unigene sequences
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Figure S2. Venn diagram showing the number of successful unigene annotations using five separate databases: NCBI Nr, NCBI Nt, SwissProt, COG and KEGG.
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Figure S3. The species distribution of P. massoniana and the Z pine unigenes against the NCBI Nr database.

















	[image: ZA-vs-MA.DiffGene.volcano]
	[image: ZB-vs-MB.DiffGene.volcano]

	[image: ZC-vs-MC.DiffGene.volcano]
	[image: ZD-vs-MD.DiffGene.volcano]

	[image: ZE-vs-ME.DiffGene.volcano]
	[image: ZF-vs-MF.DiffGene.volcano]

	[image: ZG-vs-MG.DiffGene.volcano]
	


Figure S4. Differentially expressed genes between pinecones of P. massoniana and the Z pine at successive developmental stages (A to G). The x-axis denotes log2(Fold change), the y-axis denotes -log10(FDR), dots are unigenes; up-regulated (red), down-regulated (green) or no change in expression level (blue).
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Figure S5. Gene ontology (GO) functional classification of Z pine versus P. massoniana DEGs in seven stages. Figure (a) to (g) indicates the stages of sample collection. Orange means M series samples have up-regulation compare to Z series, while blue means M series samples have down-regulation compare to Z series.
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Figure S6. DEGs relate to reproduction in GO classification of Z pine versus P. massoniana in seven stages. Orange denotes M series samples have up-regulation compare to Z series, while blue denotes M series samples have down-regulation compare to Z series.
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Figure S7. KEGG pathway enrichment analysis of Z pine versus P. massoniana in seven stages.
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Figure S8. Comparison of unigene expression results between RNA sequencing (FPKM) and qRT-PCR. Blue dots and line denote P. massoniana while red ones denote the Z pine. A: Unigene71003_All, B: Unigene12135_All, C: Unigene31229_All, D: Unigene5965_All, E: Unigene69986_All, R2: correlation coefficient.




image4.png
8

-log10(FDR)

a T

o H o
log2(Fold change)

© UPmgusted




image5.png
ZBvs MB

PR
150+
[ reshors
g 1§ Dounmguited
g - Fase
o
g + Upeguad
i
|
F

0 3

log2(Fold change)




image6.png
-log10(FDR)

ZCvs MC

f0

I H
log2(Fold change)

o

T

thrsshold
+ Douneguaied
- Fase

© UPmgusted




image7.png
+ Douneguaied

- Fase
© UPmgusted

ZD vs MD

o B o s
log2(Fold change)

5

0

&

(uazoiBor-




image8.png
+ Douneguaied

- Fase
+ UPegusted

thrsshold

ZE vs ME

&

(adorBol-

o o

log2(Fold change)

0




image9.png
]

-log10(FDR)

0

o H
log2(Fold change)

o

T

thrsshold
+ Douneguaied
- Fase

© UPmgusted




image10.png
8

-log10(FDR)

ZGvs MG

0 5 o
log2(Fold change)

© UPmgusted




image11.png
ZA-vs-MA GO Classification

28

104

sauadjo saquiny

1

fappe sovodsuen
Bupuq U101 e 1o} UopdDSUER

g spajow emanns

Kanpe NS ven Ut
21 umroid

Ko Joe wondipsuen Bupui poE RPN
Ko sanpsuen Einetow

S0 oy Eimalow

fappe ouodewp

-
Ko suien vo oo
Ko deEs

Supug

fanioe wepponte

e uotn

dute

) oL

e usiueRo 10
usiueio 0
wedappueiio

alfuesio

prospnu

uBn pasopua-oEqURLI
e ouesquow

aueiquow

o) el nEw
e uorBs iR D

i e

e

ed

1°
sa0ud usiueo 9 AUE
Supus

ssanoud o
sninwns 01 asuodsas
o201 anppodas
uopanpoda:

sa20,d Bl 10 UonENE)

sa20.d EaiBopoN 0 Uonen®1 ansod

32014 EaBofo|q 0 UoREIN®1 anER U

Sa20.d fwsiuEAI0 RN

ssanoud usiuesio-nu
sas0ud opaew
uoreaEs0l

ssanoud wards aunun
o

sanoud [Ewawdoprap

uorE0Bp

sar0id senia

59101010 U0 1 UodL e

>
uorER: 210N

uoa pe Eafioioi

molecular_function

ponent

celuar_comy

biological_process

8 Up-Regulation B Down-Regulation




image12.png
ZB-vs-MB GO Classification

1
un

121

sauadjo saquiny

1

fappe sovodsuen
Bupuq U101 e i) UopdDSUER
g spajow emanns

fape soonpsuen euss

1 upr0id

fage sones 130010

Aape s wopdsuER BupuA PPE dRPNY
Aynpe onpsuen EimBlOw

J0RINS1 o Ny EiRIoL
fappe suodewpolERL
e 1ies 1010

Hanpe oers
supug

fape weppon e
ed voin

e

1oy e poweidns
ed upER0 1o
B Bt

ed ajppuesio

alpuesio

proapnu

| pasopuD SUEIGUALI
ed auesquiaw
aueiquaw

1o/dwos sepRwOBEw
ed w0y e o
o) e e

ed

"
220, UE|UEA0 AU

Bupus

a2 S

sninus 03 asuocka

93010 apIPO K01

uonanpoidas

sa20,d Bl 10 UoENE)
sa20.d Bl 0 Uonen 1 ansod
32014 EaBojo|q 0 UoREIN®1 anER U
Sa20.d fws|uERI0 RN
sa20.d BRI FnL

o301 J0geL

o0

o200 wasls dunLILN

ey

so901d wadopHOp

uorE0Bp

sar0d e

59101010 U0 3 Uodw e
uorER: 210N

molecular_function

ponent

biological_process

8 Up-Reguiation B Down-Regulation




image13.png
2ZC-vs-MC GO Classification

28

1

Bl

sauadjo saquiny

Aanpe ouodsuen

Bupuq U101 e i) UopdDSUER

Aynwe apajou emonns

Aynpe onpsien [eus

e JoAD1 Bt

AyAe 101} ORISR BUpULG PPE SRR

Aynnce onpsuen eBlOw

J0RINS1 uoRouNy seRpo

]

Kyne e woipo

e

supuq

Aanpe ueprrone

ed vopn

ey

oy eIt

ed U E30 1o

uBeEo Bt

ed
puesio

prospru

B pasopu aueiquB L

ed o eiqu

aueiquaw

o/dwo> s BEw

ed oy e o

o e e

e >

uorpunf 93

5

ssas0ud | R0 9IAUE

Bupus

sac0d S

sninugs 03 osu0ta

ss9201d apIPO Kdo1

uopnpoda:

[ —

3204 EaBopoIq 0 UopEn 1 ansod

ssa00.d E3BI0|d 0 UoREINE1 anER

59301 e ueBi0 JnEIAIN

a20,d UER RO AL

ssav0id oge L

worpaips0)
593010 wasle DU
ey

s930,d oA
e

sac0d e
55938010 1o U0 120 JUBUO T3 ke
i B

B3 pe EfRol0

£

H

p

g

2

H

v
!
H
:
§
]
b4
:

H

5

H

C




image14.png
ZD-vs-MD GO Classification

28

1

144

Bl

1

sauadjo saquiny

fappe sovodsuen
Bupuq U101 R I} UopdDSUER
g spajow eamanas

fage soonpsuen euss

Aagoe sonEs 130010

e 1o UopdsuER SupUA PPE dRPNY
Aynpe onpsuen EiBlOw

SO o uny EiRIoL
Ty —

e o1ie) 100

Aanpe oers

upug

fapoe weppon e

ed voin

e

1oy e poueidns

ed upeR0 1o

[

wed aypuedio

alpuesio

proapnu

[ —

ed auesquiaw

aueiquaw

12/dwo> s BEw

ed w0y e o

o) e

)
220, UEUEA0 AU

Bupus

sar0d S
sniws 03 asuocka

593010 a4pIPO K01

uonanpoidos

sa20:d EaBolol 10 UonER)
sa20.d EaBopoN 0 UonEn ) ansod
320, EaBofoIq 0 UoREIN®1 anER U
Sa20.d fws|uEAI0 RN
S —

o301 J0geL

o0

9010 wasls dunLILN

e

90,0 wadopHOp

uorE0Bp

sar0d e

59101010 U0 1 Uodw e
uorER: 210N
uoa pe ol

molecular_function

ponent

celuar_comy

biological_process

8 Up-Regulation B Down-Regulation




image15.png
ZE-vs-ME GO Classification

1331

§

sauadjo saquiny

un

1

fappe sovodsuen
Bupuiq U101 Ao o) UopdDsUER
g spajow eamanas

Aage soonps R puss

1 upr01d

fagoe son 8213001 00

e 10 UodsUER BupUA PPE SRPNY
Aagoe s9anps U ERIOL

J0RINS1 o Ny EIOL

fape ouo sadewpol e

fagoe s 10 R

Aagoe oeEs

upug

fape weppon e

ed voin

s

1oy epnaajoueidns

ed uEA0 1o

[

wed appuesio

alpuesio

proapnu

BN pasopuD SUEIGUALI

ed auesquiaw

aueiquaw

1o/dwo> sepRowOBEw

ed w0y R

)
sa20.d UEUER0 AU

Supeuss

sar0.d AL
snins 03 asuocka

sa201d anpIpoIda)

uomnpo xda:

sa20,d Bl 10 UoENE)
sa20.d aBopoI 10 Uonen®1 ansod
23014 B0l 10 UoREINE1 anER
599010 P ueio BRI
S —

o201 0ge 1

uonezEd0)

o900 wasls dunLILN

oia

9010 pauawdoprop

wonesty0p

sar0id e

591019 10 U0 W2 UodLI e
uones 210N

molecular_function

ponent

biological_process

8 Up-Reguiation B Down-Regulation




image16.png
ZF-vs-MF GO Classification

1

e

sauad Josaquiny

Aanpe puodsuen
Bupuq UI01d e Ko} UopdDSUER
Aynwe apajou emonns
Aunpe onpsien [eus
3 upr01d
AR AR UBLEY
AR 101} ORISR BUpULG PPE SRR
"
J0RINS1 uoRouNy seRpo
Ayne auosadeypojeaL
e e woipo
e aeEs
supuq
Aynpe ueprronE
ed wopn
ey
oy eIt
ed uER30 1o
e
wed ajpuesio
puesio
prospnu
B pasopu auequIB L
ed aeiqu
aueiquaw
1o/dwo> sepRowOBEw
ed oy e o
w1 e e
e >
worpunf 23
ssas0.d (R0 9IAUE
Bupus
ac0d S
s 03 osu0ta.
ss9201d aNpIPO Kdo1
uopnpoda:
[ —
3204 EaiBopoIq o UonEn 1 anisod
ssa00.d EaBoj0ld 0 UoREIN 1 anER
5593010 s uesi0 JnEIAIN
P —
ssav0id oge L
woipzps0)
593010 wasls DU
e
02010 oA
e
sas0id seniiaa
55903010 10 U0 0 1UUOLI03 e
i B
B3 pe EofR0l0

molecular_function

ponent

celuar_comy

biological_process

1 Up-Regulation B Down-Regulation




image17.png
2G-vs-MG GO Classification

28

104

sauadjo saquiny

sl

1

fappe sovodsuen
Bupuiq U101 e Ko} UopdDsUER
g sajow emanns

fage soonps e pugs

3 upr01d

Aagoe son 8213001 0.

Aagoe s UodsUER BupuA pPE dRPNY
Aagoe s9anps U EIOL

JORINSI uow Uny EIOL
Ty ——

fagoe s w0 R

fapoe seEs

supug

fapoe weppon e

ed won

s

1oy enaajoueidns

ed uEA0 1o

[

wed appuesio

alpuesio

proapnu

BN pasopuD SUEIGUALI

ed auesquiaw

aueiquaw

1o/dwos s BEw

ed w0y R

ol e e

)
Sa20d uEjUER0 oAU

Supeuss

sar0.d AL
sniws 03 asuocka

sa201d anpIpoIda)

uomnpo xda:

sa30,d paBolol 0 UoEE)
sa20.d aBopoI 0 UoEnE1 anisod
33014 B0l 10 UoREINE1 anER U
599010 P Uei0 BRI
S —

o201 0ge 1

uonezEd0)

o900 wasls dunLILN

oia

9010 pauawdoprop

wonesty0p

sar0id e

591019 10 U0 W2 UodL e
uone s 210N
uossaupe e fioioi

molecular_function

ponent

biological_process

8 Up-Regulation B Down-Regulation




image18.png
Number of genes

10

100

p

Number of genes relate to reproduction in GO classification of

Zvs-M
5
7 7
7 7 7
3 - o
ZowMA ZBUSMB Z4sMC ZDwsMD  ZEwME

B Up-Reguiation B Down-Regulation

101
7
8
| | |

L




image19.png
Pathway

Top 20 Statistics of Pathway Enrichment for ZA-vs—MA

Zeatin biosynthesis
Thiamine metabolism

Stilbenoid diarylheptanoid and gingerol biosynthesis
Ribosome

Protein processing in endoplasmic reticulum
Phenylpropanoid biosynthesis

Phenylalanine metabolism

Oxidative phosphorylation

Other glycan degradation

Metabolic pathways

Limonene and pinene degradation

Homologous recombination

Glutathione metabolism

Folate biosynthesis

Flavonoid biosynthesis

Flavone and flavonol biosynthesis

Diterpenoid biosynthesis

Gutin suberine and wax biosynthesis

Carotenoid biosynthesis

Biosynthesis of secondary metabolites

0.15 020
RichFactor

Gene_number
o 250
® 500
@ 750

@ 1000

Qualue
0075
0.050

0.025




image20.png
Top 20 Statistics of Pathway Enrichment for ZB-vs—-MB

Thiamine metabolism
Terpenoid backbone biosynthesis .

Stilbenoid diarylheptanoid and gingerol biosynthesis

Sesquiterpenoid and triterpenoid biosynthesis .
Ribosome .
Protein processing in endoplasmic reficulum .
Proteasome . Qualue
0.04
Phenylpropanoid biosynthesis |+ 0.03
Phenylalanine metabolism . 0.02
=
g Other glycan degradation . 0.01
£
8 Metabolic pathways 1 @ Gene_pumber
Homologous recombination . o 200
® 400
Glutathione metabolism .
® 600
Flavonoid biosynthesis . @ 800
Flavone and flavonol biosynthesis .
Diterpenoid biosynthesis .
Cutin suberine and wax biosynthesis .
Carotenoid biosynthesis .

Biosynthesis of secondary metabolites @

Alanine aspartate and glutamate metabolism .

0.100 0.125 0.150 0475
RichFactor





image21.png
Pathway

Top 20 Statistics of Pathway Enrichment for ZC-vs-MC

Zeatin biosynthesis

Terpenoid backbone biosynthesis

Sulfur metabolism

Stilbenoid diarylheptanoid and gingerol biosynthesis
Sesquiterpenoid and triterpenoid biosynthesis
Ribosome

Protein processing in endoplasmic reticulum
Proteasome.

Phenylalanine metabolism

Other glycan degradation

Nitrogen metabolism

Metabolic pathways

Homologous recombination

Flavonoid biosynthesis

Flavone and flavonol biosynthesis
Endocytosis

Diterpenoid biosynthesis

Gutin suberine and wax biosynthesis
Carotenoid biosynthesis

Biosynthesis of secondary metabolites

Gene_number
o 250
® 50
@ 750
@ 1000

Qualue
0.16

0.125

0.150
RichFactor

0.175

0200




image22.png
Pathway

Top 20 Statistics of Pathway Enrichment for ZD-vs-MD

Stilbenoid diarylheptanoid and gingerol biosynthesis
Sesquiterpenoid and triterpenoid biosynthesis
Ribosome

Protein processing in endoplasmic reticulum
Proteasome.

Phenylpropanoid biosynthesis

Phenylalanine metabolism

Other types of Oglycan biosynthesis

Other glycan degradation

Metabolic pathways

Isoquinoline alkaloid biosynthesis
Homologous recombination

Flavonoid biosynthesis

Flavone and flavonol biosynthesis

Fatty acid elongation

Diterpenoid biosynthesis

Gutin suberine and wax biosynthesis
Carotenoid biosynthesis

Biosynthesis of secondary metabolites

Basal transcription factors

0.15

RichFactor

0.20

Gene_number
o 250
® 500
@ 750
@ 1000

Qualue
0.20




image23.png
Pathway

Top 20 Statistics of Pathway Enrichment for ZE-vs—-ME

Thiamine metabolism

Terpenoid backbone biosynthesis

Stilbenoid diarylheptanoid and gingerol biosynthesis
Sesquiterpenoid and triterpenoid biosynthesis
Ribosome

Phenylpropanoid biosynthesis

Phenylalanine metabolism

Oxidative phosphorylation

Nitrogen metabolism

Natural killer cell mediated cytotoxicity
Metabolic pathways

Lysine biosynthesis

Homologous recombination

Glycine serine and threonine metabolism
Glutathione metabolism

Flavonoid biosynthesis

Flavone and flavonol biosynthesis

Diterpenoid biosynthesis

Gutin suberine and wax biosynthesis

Biosynthesis of secondary metabolites

0.15
RichFactor

020

Gene_number
o 250
® 50
@ 750

@ 1000

Qualue
0.08

0.08
0.04
0.02




image24.png
Pathway

Top 20 Statistics of Pathway Enrichment for ZF-vs-MF

Vitamin B6 metabolism
Thiamine metabolism

Stilbenoid diarylheptanoid and gingerol biosynthesis
Ribosome

Protein processing in endoplasmic reticulum
Phenylpropanoid biosynthesis

Phenylalanine metabolism

Oxidative phosphorylation

Other glycan degradation

Nitrogen metabolism

Metabolic pathways

Homologous recombination

Glutathione metabolism

Flavonoid biosynthesis

Flavone and flavonol biosynthesis

Fatty acid elongation

Gutin suberine and wax biosynthesis

Carotenoid biosynthesis

Biosynthesis of unsaturated fatty acids

Biosynthesis of secondary metabolites

0.125

0.150 0.175
RichFactor

0200

Gene_number
o 250
® 50
@ 750
@ 1000

Qualue
0.15

0.10

0.05




image25.png
Top 20 Statistics of Pathway Enrichment for ZG-vs-MG

Pathway

Vitamin B6 metabolism .
Ubiquinone and other terpenoidauinone biosynthesis 1 .
Terpenoid backbone biosynihesis | -
Stilbenoid diarylheptanoid and gingerol biosynthesis | .
Ribosome .
Protein processing in endoplasmic reficulum .
Gene_number
Proteasome . !
o 250
Phenylpropanoid biosynhesis . * 500
Phenylalanine metabolism - . ® 750
@ 1000
Metabolic pathways { @
Qualue
Linoleic acid metabolism .
0.03
Glyoxylate and dicarboxylate metabolism .
0.02
Glutathione metabolism .
0.01
Flavonoid biosynihesis .
Flavone and flavonol biosynthesis .
Diterpenoid biosynthesis | .
Carotenoid biosynthesis - .
Brassinosteroid biosynihesis | .
Biosynthesis of secondary metabolites °
Arachidonic acid metabolism | .

0.16 0.20 024
RichFactor




image26.png
R2=0.755

159

0.5

B logFold(Frkm)

logzFold{qRT-PCR)

0.2 03

R?=0.8341

0.4




image1.png
Length distribution of All-Unigene sequence

2ol

sort
sist

stal
a0z
ee0z
seez
1wz

aisz
bice
soe
ezee
zsee

azse
£
ezt

eaze

sise

seee

e
ez
ostz
2oz
svez
st

aauanbas ausBil

I¥ jo siaquiny

Sequence size (nt)




image2.png
SwissProt

Nr
(65766) (50471)




image3.tiff
Number





image27.png
Z
ml\DPj




image110.png
Z
ml\DPj




image28.png




