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Figure S1 The phylogenetic tree of PtoCesA4 with CesAs of the other plants. Pto, Populus tomentosa; Ptr,
Populus trichocarpa; At, Arabidopsis thaliana; Eg, Eucalyptus grandis; Os, Oryza sativa; Zm, Zea mays. Scale bar

represents genetic distance.

2SI Q.Duetal.



Figure S2  Pairwise linkage disequilibrium (LD) (r?) between 92 common single nucleotide polymorphisms (SNP)

markers (minor allele frequencies >0.10) located in the cellulose synthase gene ( PtoCesA4 ) in Populus tomentosa.
A larger number of SNPs were in linkage equilibrium (r2 < 0.3, P < 0.001); limited LD of the SNP loci within the
candidate gene did not extend over the entire gene region, and several LD blocks were identified, such as SNPs

15-18, SNPs 34-40, and SNPs 60-66 (r?> 0.8; P < 0.001).
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Files S1-S5
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File S1 The real-time PCR data for expression analysis of PtoCesA4 in the Populus tomentosa different tissues

with triplicate technical and triplicate biological repetitions, respectively.

File S2 The phenotype data used in the SNP-traits association analysis in Populus tomentosa natural population

File S3 The genotype data used in the SNP-traits association analysis in Populus tomentosa natural population

File S4 The phenotype data used in the SNP-traits association analysis in Populus tomentosa linkage population

File S5 The genotype data used in the SNP-traits association analysis in Populus tomentosa linkage population
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Table S1 Summary of all SNP markers from PtoCesA4 used in both association and linkage analysis in this study

SNPs

C-SNP-1
C-SNP-2
C-SNP-3
C-SNP-4
C-SNP-5
C-SNP-6
C-SNP-7
C-SNP-8
C-SNP-9
C-SNP-10

C-SNP-11
C-SNP-12
C-SNP-13
C-SNP-14
C-SNP-15
C-SNP-16
C-SNP-17
C-SNP-18
C-SNP-19
C-SNP-20
C-SNP-21
C-SNP-22

Position

Promoter
Promoter
Promoter
Promoter
Promoter
Promoter
Promoter
Promoter
Promoter

Promoter

Promoter
Promoter
Promoter
Promoter
Promoter
Promoter
Promoter
Promoter
Promoter
Promoter
Promoter

Promoter

Association population

Linkage population

Code

SNP1
SNP2
SNP3
SNP4
SNP5
SNP6
SNP7
SNP8
SNP9
SNP10

SNP11
SNP12
SNP13
SNP14
SNP15
SNP16
SNP17
SNP18
SNP19
SNP20
SNP21
SNP22

Mutation

[TC ]nc
[GT]re
[AG]
[TClne
[CA]ne
[GT]re
[CG]™
[GA]™
[CT]re
[GA]™

[T C]ne
[AG]
[GA]™
[AG]™
GT]e
[CT]ne
[GA]™
[TA]
[CT]ne
[T C ]nc
[GA]™
[GA]™

Minor allele
(Frequency)
€ (0.31)
G (0.37)
A(0.11)
C(0.32
A(0.30
T(0.33)
G (0.30
A(0.30
C(0.32)
A (0.25)

)
)
)
)

C(0.25)
A (0.35)
A (0.26)
G (0.30)
G (0.30)
€(0.32)
G (0.30)
T(0.28)
T(0.30)
T(0.33)
A (0.30)
G(0.32)

Code

SNP1

SNP2

SNP3

SNP6

SNP8

SNP10

SNP13
SNP14
SNP15

SNP18

SNP21
SNP22

Alleles of parents

(Female : Male)

[TC

[GG

[AA :

[GG:

[GA:
[TT:
[GT:

[TT:

[GA:
[GG:

:TC)
[GT:
[AA :

GT]
AG]

:TT]

AG]

AG]

GA]
AA]
GT]

AT]

GA]
GA]
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Expected
segregation ratio
1:2:1

1:2:1

1:1

1:1

1:1

1:2:1

1:2:1

1:1

1:2:1
1:1

P-value

NS

NS
NS

NS

NS

NS

NS

NS

NS
NS
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C-SNP-23
C-SNP-24
C-SNP-25
C-SNP-26
C-SNP-27
C-SNP-28
C-SNP-29
C-SNP-30
C-SNP-31
C-SNP-32
C-SNP-33
C-SNP-34
C-SNP-35
C-SNP-36
C-SNP-37
C-SNP-38
C-SNP-39
C-SNP-40
C-SNP-41
C-SNP-42
C-SNP-43
C-SNP-44
C-SNP-45
C-SNP-46
C-SNP-47
C-SNP-48
C-SNP-49
C-SNP-50

6 Sl

Promoter
Promoter
Promoter
Promoter
Promoter
Promoter
Promoter
Promoter
Promoter
Promoter
Promoter
Promoter
Promoter
Promoter
Promoter
Promoter
Promoter
Promoter
5'UTR
5'UTR
Intron 1
Intron 1
Exon 2
Exon 2
Exon 2
Intron 2
Exon 3

Intron 3

SNP23
SNP24
SNP25
SNP26
SNP27
SNP28
SNP29
SNP30
SNP31
SNP32
SNP33
SNP34
SNP35
SNP36
SNP37
SNP38
SNP39
SNP40
SNP41
SNP42
SNP43
SNP44
SNP45
SNP46
SNP47
SNP48
SNP49
SNP50

[TC e
[AT]ne
[GA]™
[GA]™
[GT]™
[TA]
[C T ]nc
[GA]™
CTIne
AC ]
TCJne
GT]
CTIne
AT
GT]
TGJne
GT]
AG ]
TClne
CTIne
TClne
GT]
ACIs

TC

TCF

AT e
CAl™
CATe

T(0.36)
T(0.30)
G (0.38)
A (0.30)
G (0.38)
T(0.37)
T(0.37)
A (0.33)
T(0.32)
A (0.40

c(0.32
G (0.40)

C (0.40)
A (0.40
G (0.40
T(0.33)
G (0.40)
A (0.40)
T(0.23

C(0.45
T(0.13
T(0.15
A (0.16)
T(0.40
T(0.37
T(0.44)
A (0.42
G (0.10

)
)
)
)
)
)
)
)

)
)

)
)

SNP23

SNP25

SNP28
SNP29
SNP30
SNP31

SNP33

SNP36

SNP39

SNP41
SNP42

SNP44
SNP45
SNP46
SNP47
SNP48
SNP49

[TT:

[GA:

[TA
[cC

[CT

[CT:

[AT :

[GT:

[CT:
[CT:

[GT:
[AC:
[CT:
[TT:
[AT :
[AC:
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cq]

GA]

1 TA]
:TT]
[GA:
:TT]

GA]

CT]

AT]

GG]

CT]
CT]

GT]
AA]
T
cTl
AA]
AC]

1:2:1

1:2:1

1:2:1
1:1

1:2:1

1:2:1

1:1

1:2:1
1:2:1

1:2:1
1:1
1:2:1
1:1
1:1
1:2:1

P<0.01

NS

NS
NS

NS

NS

NS

NS
NS

NS
NS
NS
NS
NS
NS



C-SNP-51
C-SNP-52
C-SNP-53
C-SNP-54
C-SNP-55
C-SNP-56
C-SNP-57
C-SNP-58
C-SNP-59
C-SNP-60
C-SNP-61
C-SNP-62
C-SNP-63
C-SNP-64
C-SNP-65
C-SNP-66
C-SNP-67
C-SNP-68
C-SNP-69
C-SNP-70
C-SNP-71
C-SNP-72
C-SNP-73
C-SNP-74
C-SNP-75
C-SNP-76
C-SNP-77
C-SNP-78

Intron 3
Intron 3
Exon 4
Exon 5
Intron 5
Intron 5
Exon 6
Exon 6
Exon 6
Exon 6
Exon 6
Intron 6
Intron 6
Intron 6
Intron 6
Exon 7
Exon 7
Exon 9
Exon 9
Intron 9
Intron 9
Intron 9
Exon 10
Exon 10
Exon 10
Exon 10
Exon 10
Exon 10

SNP51
SNP52
SNP53
SNP54
SNP55
SNP56
SNP57
SNP58
SNP59
SNP60
SNP61
SNP62
SNP63
SNP64
SNP65
SNP66
SNP67
SNP68
SNP69
SNP70
SNP71
SNP72
SNP73
SNP74
SNP75
SNP76
SNP77
SNP78

[CATne
[G T
[CT]s
[AG]s
[TCe
[GA e
[Tcys
[Tcys
ACI™
GCJs
TC]
TG
TCne
TCne
GAJ
AGI
GCJs
TGS
TC]
AT
CATe
TA
GAJs
AGI
TC]
TC]
AGT
GAJ

A (0.32)
T(0.47)
C(0.35)
A (0.42)
T(0.35)
G (0.43)
T(0.38)
T (0.40)
A (0.38

c(0.13

c(0.13
G (0.13

c(0.13

c(0.13
A(0.13
G (0.13

C(0.13)
G (0.10)

C(0.10
T(0.15
A (0.15
A (0.10
A (0.12
A (0.45
T(0.43

C(0.47
A (0.42
G (0.40

)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

)
)

SNP51

SNP54

SNP56
SNP57

SNP59

SNP62

SNP64

SNP65

SNP68

SNP70

SNP72

SNP75

SNP77

[AC:

[GG:

[AG:
[TT:

[AA :

[TT:

[TC

[TG

[AT :

[AT

[CT:

[AG :

AC]

AA]

AG]
TC]

AC]

TG]

1 TC]
[AA :

GG]

1 TG]

AT]

:TT]

CT]

AG]
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1:2:1

1:2:1
1:1

1:1

1:1

1:2:1

1:2:1

1:2:1

1:1

1:2:1

1:2:1

NS

NS
NS

NS

NS

NS

NS

NS

NS

NS

P<0.01
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C-SNP-79 Intron 10 SNP79  [TA]n A (0.33) SNP79 [AT : AA] 1:1 NS
C-SNP-80 Intron 10  SNP80  [AG]™ A (0.33)

C-SNP-81 Intron 10  SNP81 [T C]ne A (0.46) SNP81 [TT: CT] 1:1 NS
C-SNP-82 Intron 10 SNP82  [AT]n A (0.42)

C-SNP-83 Intron 10 SNP83  [GA]™ G (0.27)

C-SNP-84 Intron 11 SNP84  [GA]™ A (0.35) SNP84 [AG : AG] 1:2:1 NS
C-SNP-85 Intron 11 SNP85 [T G]nc G (0.35) SNP85 [AA : AG] 1:1 P<0.01
C-SNP-86 Exon 12 SNP86  [TCJs T(0.42) SNP86 [TC: TC] 1:2:1 NS
C-SNP-87 Exon 12 SNP87  [TCJs T(0.42)

C-SNP-88 Exon 12 SNP88  [GA]™ A (0.37) SNP88 [AG : AG] 1:2:1 NS
C-SNP-89 3'UTR SNP89  [GC]™ € (0.32) SNP89 [CG : CG] 1:2:1 NS
C-SNP-90 3'UTR SNP90  [GA]n A (0.35)

C-SNP-91 3'UTR SNP91  [TA]" A (0.37) SNP91 [AT : AA] 1:1 NS
C-SNP-92 3'UTR SNP92  [TC]™ C(0.38)

NSNP-1 Promoter NSNP1 [cC: TC] 1:1 NS
NSNP-2 Promoter NSNP2 [AA : AT] 1:1 NS
NSNP-3 Promoter NSNP3 [AG : AG] 1:2:1 NS
NSNP-4 Intron 3 NSNP4 (GG : GT] 1:1 P<0.01
NSNP-5 Intron 10 NSNP5 [AG : AG] 1:2:1 NS
NSNP-6 3'UTR NSNP6 [TT:CT] 1:1 NS

“C-SNP-" represents the common SNP identified in association mapping with the minor allele frequencies >0.10; “NSNP-" represents the novel unique SNPs identified in the parents
of the linkage population; nonsynonymous polymorphism (ns); synonymous polymorphism (s); noncoding polymorphism (nc);. Not significant (NS); Not applied (/); the x2

significance level of was P < 0.01.

83l Q.Duetal.



Table S2 Summary of significant SNP marker-trait pairs identified at the threshold of P < 0.05, using the mixed linear

model (MLM) in the Populus tomentosa association population.

Association population

Trait Locus Position Mutation (N =460)
P-value Q-value R2 (%)
Lignin
SNP2 Promoter [G:T] 0.0069 Q>0.10 3.4
SNP24 Promoter [A:T] 0.0434 Q>0.10 3.0
SNP44 Intronl [G:T] 0.0012 0.0551 2.1
SNP47 Exon 2 [T:C] 0.0500 Q>0.10 1.9
SNP49 Exon 3 [C:A] 0.0025 0.0810 3.0
a-cellulose
SNP3 Promoter [A:G] 0.0015 0.0629 2.2
SNP18 Promoter [T:A] 0.0011 0.0551 2.5
SNP36 promoter [A:T] 0.0061 Q>0.10 3.5
SNP41 5’'UTR [T:C] 3.02E-05 0.0035 1.6
SNP48 Intron 2 [A:T] 0.0400 Q>0.10 2.2
SNP49 Exon 3 [C:A] 0.0031 0.0948 5.3
SNP50 Intron 3 [C:A] 0.0142 Q>0.10 1.7

Holocellulose

SNP27 Promoter [G:T] 0.0281 Q>0.10 6.0
SNP38 Promoter [T:@G] 0.0052 Q>0.10 29
SNP45 Exon 2 [A:C] 0.0002 0.0142 4.0
SNP48 Intron 2 [A:T] 0.0351 Q>0.10 4.4
SNP62 Intron 6 [T:G] 0.0104 Q>0.10 34
SNP70 Intron 9 [A:T] 0.0069 Q>0.10 2.5
SNP81 Intron 10 [T:C] 0.0002 0.0142 3.0
SNP88 Exon 12 [G:A] 0.0161 Q>0.10 1.9
Fiber length
SNP2 Promoter [G:T] 0.0355 Q>0.10 6.7
SNP44 Intronl [G:T] 0.0194 Q>0.10 2.0
SNP89 3'UTR [G: (] 0.0070 Q>0.10 1.5
SNP90 3'UTR [G:A] 0.0122 Q>0.10 1.9
Fiber width
SNP58 Exon 6 [T:C] 0.0500 Q>0.10 3.9
SNP59 Exon 6 [A:C] 0.0008 0.0440 2.6
SNP62 Intron 6 [T:G] 0.0475 Q>0.10 1.8
SNP70 Intron 9 [A:T] 0.0477 Q>0.10 1.8
Microfibril angle (MFA)
SNP10 Promoter [G:A] 0.0372 Q>0.10 1.7
SNP47 Exon 2 [T:C] 0.0195 Q>0.10 2.6
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Diameter at breast height (D)

SNP48 Intron 2 [A:T] 0.0009 0.0454 1.9
SNP59 Exon 6 [A:C] 0.0151 Q>0.10 3.0
SNP62 Intron 6 [T:G] 0.0195 Q>0.10 2.0
SNP75 Exon 10 [T:C] 3.15E-05 0.0035 3.2
SNP81 Intron 10 [T:C] 0.0003 0.0195 2.0
Tree height (H)
SNP44 Intronl [G:T] 0.0179 Q>0.10 1.2
SNP49 Exon 3 [A:T] 0.0012 0.0551 4.3
SNP89 3'UTR [G:C] 0.0351 Q>0.10 2.1
Stem volume(V)
SNP75 Exon 10 [T:C] 3.02E-05 0.0035 4.6
SNP81 Intron 10 [T:C] 0.0143 Q>0.10 2.0

R? = percentage of the phenotypic variance explained. Q-value = correction for multiple testing [false discovery rate FDR

(Q)<0.10]
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Table S3 A summary of genetic associations between SNPs and phenotypic traits detected in Populus tomentosa

association population using a multilocus Bayesian model (BAMD)

Number of
Trait R? Locus Position Mutation
SNPs
Lignin 4 0.102
SNP24 Promoter [A:T]ne
SNP44 Intronl [G:T]ne
SNP49 Exon 3 [C: A]"s
SNP60 Exon 6 [G:CJs
a-cellulose 7 0.124
SNP3 Promoter [A: G]ne
SNP18 Promoter [T: A
SNP36 promoter [A:T]ne
SNP41 5'UTR [T:CJne
SNP49 Exon 3 [C: A]"s
SNP62 Intron 6 [T:G]
SNP81 Intron 10 [T:C]ne
Holocellulose 5 0.090
SNP45 Exon 2 [A:C]s
SNP48 Intron 2 [A:T]ne
SNP66 Exon 7 [A:G]
SNP81 Intron 10 [T:C]ne
SNP88 Exon 12 [G: Al"s
Fiber length 3 0.066
SNP44 Intronl [G:T]ne
SNP75 Exon 10 [T:CJs
SNP89 3'UTR [G: ]
Fiber width 4 0.106
SNP23 promoter [T:C]ne
SNP59 Exon 6 [A:C]ns
SNP70 Intron 9 [A:T]ne
SNP90 3'UTR [G: AJne
Microfibril angle (MFA) 3 0.071
SNP7 promoter [C: G]ne
SNP18 Promoter [T: A
SNP48 Intron 2 [A:T]ne
Diameter at breast height (D) 7 0.090
SNP23 promoter [T:CJnre
SNP36 promoter [A:T]ne
SNP48 Intron 2 [A:T]ne
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Tree height (H) 2 0.039

Stem volume(V) 3 0.067

SNP62
SNP75

SNP80
SNP81

SNP49
SNP81

SNP36
SNP75

SNP80

Intron 6
Exon 10

Intron 10

Intron 10

Exon 3

Intron 10

promoter

Exon 10

Intron 10

[T: G~
[T:CP
[A: G
[T:C]ne

[A:T]rs
[T:C]e

[A:T]ne
[T:C]
[A: G]ne

12 SI

R? = percentage of the phenotypic variance explained; nonsynonymous polymorphism (ns); synonymous

polymorphism (s); noncoding polymorphism (nc).
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Table S4 Summary of significant SNP marker-trait pairs identified in PtoCesA4 at the threshold of P < 0.05,
using the Populus tomentosa linkage population, “YX01” (Populus. alba x P. glandulosa) as the female and clone

“LM 50” (P. tomentosa) as the male.

Linkage population
Alleles of parents
Trait Locus Position (N =1200)

(Female : Male)

P-value Q-value R2(%)
Lignin

SNP3 Promoter [AA : AG] 0.0070 Q>0.10 13

SNP49 Exon 3 [AC: AC] 0.0105 Q>0.10 2.0
a-cellulose

SNP18 Promoter [TT: AT] 0.0036 0.0693 2.8

SNP49 Exon 3 [AC: AC] 0.0015 0.0490 3.6

SNP75 Exon 10 [CT:CT] 0.0019 0.0532 15

SNP91 3'UTR [AT : AA] 0.0104 Q>0.10 2.3

Holocellulose

SNP18 Promoter [AT : AT] 0.0281 Q>0.10 3.0

SNP45 Exon 2 [AC: AA] 0.0344 Q>0.10 3.4

SNP88 Exon 12 [AG : AG] 0.0034 0.0693 1.9
Fiber length

SNP59 Exon 6 [AA : AC] 0.0423 Q>0.10 2.7

SNP70 Intron 9 [AT : AT] 0.0013 0.0490 3.0
Fiber width

SNP44 Intronl [GT : GT] 0.0082 Q>0.10 1.9

SNP59 Exon 6 [AA - AC] 0.0044 0.0693 2.5

Diameter at breast height (D)
SNP89 3’UTR [CG:Ca] 0.0100 Q>0.10 4.0
Tree height (H)
SNP51 Intron3 [AC: AC] 2.55E-05 0.0050 3.0
SNP89 3'UTR [CG: CG] 0.0351 Q>0.10 2.1

Stem volume(V)
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SNP18 Promoter [AT : AT] 0.0093 Q>0.10

SNP75 Exon 10 [CT:CT] 0.0088 Q>0.10

13

5.4

R? = percentage of the phenotypic variance explained. Q-value = correction for multiple testing [false discovery rate FDR

(Q) <0.10]
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