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Figure S1. Principal component analysis of the 12 metabolites. (A) Proportion of variation
explained by each individual principal component. (B) Contribution of different metabolites to
the first two principal components. Prinl, first principal component; Prin2, second principal
component; Mala, malate; Fuma, fumarate; Glut, glutamate; Chla, chlorophyll a; Chlb,
chlorophyll b; Nitr, nitrate; Sucr, sucrose; Gluc, glucose; Fruc, fructose; Star, starch; AA, total
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Figure S2. Sampling effects of subenvironments on QTL discovery. To show how the
robustness of QTL discovery, QTL analysis was performed for Chla based on data derived from
the whole field or from subenvironments based on the end plant in a row, the middle plants in a
row, or the different days of sampling. (A) QTL distribution of Chla derived from different
subenvironments. (B) QTL m4l1l1distribution in different NAM families in different

subenvironments.



37
38
39
40
41
42
43

50

15
40
35
30
25
20
15
10
,
0
D bR

Number of QTL

—
—

< [g\] < o -} (=) o~ A

1 1 1 - — - - [g\] (g\] o
v en 1 1 1 1 1 1 1 1
(=) - en g} o~ (=) - e

o — y— o o (g\| (g\|

Number of Families Different From B73

Figure S3. Distribution of metabolic QTL shared by different families.

25-26



44
45

46
47
48
49
50

51

100

80

=2
=]

N
—J

Positive Effects

2

Proportion of QTLwith Both Negative and
<

S &

<

Figure S4. Proportion of metabolite and principal component QTL with both negative and
positive effects. Mala, malate; Fuma, fumarate; Glut, glutamate; Chla, chlorophyll a; Chlb,
chlorophyll b; Nitr, nitrate; Sucr, sucrose; Gluc, glucose; Fruc, fructose; Star, starch; AA, total
amino acids; Prot, protein; Prinl, first principal component; Prin2, second principal component



No. of QTL

W
=]

80
70

L Y ||
=T —]

10

0 . || — —
3 4 5 6 7 8 9 10 11 12
R? (%)

52
53

54
55
56
57

58

Figure SS. Histogram of QTL effects for all the 12 metabolites and the first two principal
components.



59

60

61

62
63

64
65
66

67
68
69
70
71

B

Number of Alleles Number of Alleles

Number of Alleles

120 1 Total Amino Acids
100 -
80 -
60 -
40 -
20 -
0 -
-10.0-6.0 -2.0 2.0 6.0 10.0
Allele Effect (% change)
30 1 Chlorophyll a
40 -
30
20 -
0 e =

200

150

100

50

-3.0 -2.0 -1.0 0.0 1.0 2.0 3.0
Allele Effect (% change)

] Chlorophyll b

1

—'v—v—l—l—l—l—v—v—l—l.l‘v—v—l—l—v-l-l'ﬁ_l—v—l—v—l-ﬂ
13-10-7 -4 -1 2 5 8 11
Allele Effect (% change)

72
73

74
75
76

77
78

79

80

D

(=)
<
]

Fructose

[———
1 1

(]
1

Number of Alleles
— N g =

f

-1.6 -08 0 0.8 1.6
Allele Effect (% change)

120 - Fumarate

[y

[

[—]
]

1

80
60 -
40

2 !. I'—v—m
0 LI LI L
2 4 6

-6 4 -2 0
Allele Effect (% change)

Number of Alleles

40 - Glucose

30

1

20 -

10 -

Number of Alleles

0 )
-65-5-35-2-051 25 4
Allele Effect (% change)



81

82
83

84

85
86

87

88

Number of Allele Number of Alleles

Number of Alleles

89 J
30 Glutamate 60 - Protein
25 - % 50 -
20 - Z 40
S
15 . s 30 T
= .
10 - g 20
10 -
5 z.
0 )
a ' asq NS
-1.6 -1 -04 02 08 14 2 - e Te o e
Allele Effect (% change) Allele Effect (% change)
90
91
92 K
35 - Malate 90 - Starch
30 1 £75 -
=
25 - < 60 -
[
20 - ; 45 -
15 - 2
= 30
10 - E 15
0 | I N B N f\?’ l\% (»63 f\?) (\63 6)
35 2 05 1 25 4 TN N Y
Allele Effect (% change) Allele Effect (% change)
93
94
95 L
100 - Nitrate 30 Sucrose
g 25
80 - §
= 20
60 - <
=) 15 -
40 - E
g 10 -
20 Z 5 -
O_HIIIIIHIIIIIHIIIIIH 0
SRR A 7 5 3 4 1 3 5
Allele Effect (% change) Allele Effect (% change)
96



97
98
99
100
101
102
103

Figure S6. Distribution of QTL allele effects for the 12 metabolites. (A) Total amino acids. (B)
Chlorophyll a. (C) Chlorophyll b. (D) Fructose. (E) Fumarate. (F) Glucose. (G) Glutamate. (E)
(H) Malate. (I) Nitrate. (J) Protein. (K) Starch. (L) Sucrose. Most of the allele effects are
estimated to be non-significant (grey). The significant positive and negative allele effects are
shown in blue and red.
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Figure S9. Overview of GWAS results. All SNPs detected as significant in at least 5 subsamples
are triangles (blue with positive effect and green with negative effect) relative to their physical
sequence position. Vertical positions of triangles represent resample model inclusion probability
(RMIP) of the SNP. QTL, red lines whose vertical positions represent their F-test log(1/P) in the
final joint linkage QTL model. (A) Malate. (B) Fumarate. (C) Glutamate. (D) Chlorophyll b. (E)
Nitrate. (F) Total amino acids. (G) Protein. (H) glucose. (I) Fructose. (J) Sucrose (K) First
principal component (Prinl). (L) Second Principal component (Prin2).

16



199
200
201
202

Amino Aci

06Z8609TWZINYD
6£C0L0DTINZINYD
STTB0TOTNZINYD
9696609TWZINYD
ETPOTOTNZINYD
EVLTTODTNZINYD

E£66VC0DCNZINYD

70094 ¢ 'LLEVETIV

LTBOVTOTINZINYD

Z668TTOTNZINYD
PI6TBEDTNZINYD
£EBSTODTNZINYD
9LBTEEDTNZINYD
6590909ZNZINYD
LYLSBODCNZNYD

6CLBYEDTINZINYD

CISBPEDTNZINYD
T80VOTOTINZNYD
78E660DTNZINYD
8L0SB0DTINZWYD
EEBIIVOTINZNYO

0SPPEEDTNZINYD

T8TLOVOTNZINYD
09L8509TWZINYD
Z0L8S09TWZNYD
09E6ETDTNZINYD
T9EVSODTNZINYD

Chré Chr7 Chr9 Chr10

Chr2 Chr3 Chra Chr5

Chr1

203

204
205
206

Chlorophyll A

25

20 1

LOD

15 1

10

5
0 -

ET9V0TOZNZINYD

T9E6S09TNZINYD
£66VC0DTNZINYD

EVLE0TOTNZINYD

908TS09ZNZINYD

LTOT8YOTNZINYD

8¢86SVOCNZINYD

8LBTILTOTNZINYD
CISBYEDCTNZINYD

C69BT0DTNZINYD
9TLBTODZNZINYD

T8TLOVOZNZINYD
VZ88SVOCINZINYGS
09£8S09CZNZINYD

Chr10

Chr9

Chr4 Chr5 Chré Chr7

Chr3

Chr2

Chr1

207
208

17



Chlorophyll B

6EEEE0DTINZINYD

209
210

o
9696609ZNZINYO m
€1970TOZNZINYD
T AN
-] 1 &
9T0E80DTNZINYD = !
I 0./81T9TWZIYO
66/7909ZNZINYD o : i
- | L
eSS 5 BN 8S6£S09TWZNYD
ZL990VOTINZINYD  F
— -
B £9STTTOTNZINYD
Z09EVOOTINZINYD © i [F
= 1
ESPEVODTINZINYD © i 5
o ' Wl czot8roTNZINYD
n g (I
L0S8009TINZINYD ¢ o L
29v69TOTNZINYD O 3] B O20SETEZWZINND
S EF00ETOZINZINYD
1 o
88TTTOTINZINYD L il
6YZVLTOTNZNYD @ B 8TZSLI9TNZINYD
X L
ZIS8YEOTNZINYD O :
L
609LLEDTINZINYD Z698T09ZINZINYSD
N 9T/8TOOZINZINYOD
Y68EE0OTNZINYD £ I i
Q | i
ETLTLIOTINZINYD
-— 1 —
SERELRIGNIZII) % 10094 €001 5020V
00Z8£09TNZNYD © _ — ——
o [Us] ~ [s0] <t o
o~ i i
() a
: 5
-
a
AN N < N
™ v = =
NN AN NN

Chr5 Chr6 Chr7 Chr8 Chr9

Chr3 Chr4
18

Chr2

Chr1

216
217
218
219



220
221

Fumarate

Chré Chr7 Chr8 Chr10

T

T

9696609CNZINYD
EVLITOOTINZINYD

SEE0BTOCTINZINYD

TET60VOTINZINYS

10094 Z'€TL9TTIV

6TLBVEDTNZINYD
8860LEDTNZINYD

88EBIEDTNZINYD
10094 €'€2906 1V

SLZOLEDTINZINYD

Chr4

Chr3

Chr1

222
223

224
225
226

Glucose

SL88609CINZINYD
E66VC0OTINZINYD
LSTLTOOTINZINYD

TZ88E0DTINZINYD
YSOCLODTNZINYGD
SC908TOCTINZINYD
LEEIBEODTINZINYD
E9SCCTOTINZINYGD
Y8Y8T0DTNZINYD
EBEBOTOTINZINYD
S69V9097INZINYD

LZOTBYOTINZINYDO

8L8TZTIOTNZINYD
9LTSITOTINZINYD

10094 £°00TS020V

Chr3 Chr5 Chré Chr7 Chr8 Chr9

Chr1

227

19



228
229

Glutamate

B 96956007z YD

LSYVLE0DTINZNYD

Chr7 Chr8 Chr10

COTEBOOTINZNYD

LSEEVIOTZINZNYD -
LTOBIYOTINZNYD W
T8E6LODTINZINYD

8/8TZIDTINZINYD m
78€66097NZINYD ©

Chr2

8886L09CTNZINYD

230
231

232
233

234

Malate

11

T

1

LOD

SOE0ZEDTNZINGS
66ETVTOTINZINYD

SSSLTO9CNZINGS

COTEBOOTINZINYD

790SLEDTNZINGD

LTOTBYOCINZINYGD
v8Y8TO0DCNZINYD

CISBVEDTNZINGD
6686CVOCINZINGS
Z8E6609CNZNYD

€98V TOTNZNYD
906SSEDCNZINGD
8600STOCNZINYGD

PPEBYYOINZINGD
¥0094 Z'9¥6/LTIV

Chré6 Chr7 Chr8 Chr10

Chr5

Chr3

Chr2

1

=
=
(&)

235
236

20



237
238

Nitrate

16 7

12 A

LOD

SOEOCEDTNZINYD
YTIL8009CNZWYD
EVLTTOOTNZINYD

SBEEVYOINZNGD

TTZZOVOZNZNGD
SLEOBODTNZWYD

9SEB009TNZINYD

0L6TOPOTNZNYD

C668TTOTNZNYD
FrISOTOZNZINGD
S9596E£DTWZINYD
¢9/9S09CZWZINYD
PTT8809TWZINYO

FIPIE0DTNZINGD
TLISVODTNZWYD
TOBOTOOTNZNYD
E£608STOTNZINYD
006€E609TNZINYD
9E0TYTIOTNZNYD

8TZSLTOTNZINYD
CIS8VEDTNZNGD

L9L68B0OTNZINYD

EIS6CTOZNZNGD
6SESTYOTNZINYD

Chr8 Chr9 Chr10

Chré Chr7

Chr5

Chré4

Chr2 Chr3

Chr1

239
240
241

242
243

244

Protein

o

=

16 7

12

LOD

SOEOZEDTNZWYD

TTZZOVOTNZINYD
ES6TTEDTNZINYD

%0094 T LL6V6TIV
TTZSOEDTNZNYD

{668CTOTNZINYD
PP9S0TOZNZINYD

9LTSOTOTINZINYD
TT69709CNZINYD
8L0SB0DCTNZINYD
CIS8VEDTNZINGD
TOTOPTOZNZINYD
ELETLTOTNZINYD

SCTOSYOTWZINYD
VZ88SYOTINZINYD

Chr7 Chr8 Chr10

Chr5

Chr3

Chr1

245
246
247
248

21



249
250

Starch

LOD

.
-

2
0

TV9.L609ZINZINYD
SCIBOTOTNZINYD
CI9TCTIOCNZINGD

LSTLTOOZTINZINYD

ET9TE0DTNZINYD
C00VVTOZTINZINYD

LIGOVTOTINZINYD

PPOSOTOTINZINYD
TS8ES0DZINZINYD
00E6ETOTINZINYD
00E6ETOTINZINYD

TL8EIVOTNZINYD

YP0Z909TINZINYD

SPESTTOTINZINYD
89¥8ETOTINZINYD
Y68EE0OTINZINYD
66SSEODTINZINYD
0SPY6EDTINZINYD

Chr7 Chr9 Chr10

Chrs Chré

Chr3 Chr4

Chr2

251
252
253

254
255

Sucrose

SOEQCEDTWZINYD
6ECEE0DTINZINYD
L9YB0TOZNZINYO
9086TVOCINZINYD

9EB680OTINZINYD
C9£9S09CZNZINYO

6CLBVEDCNZINYD
TLTLSODCTNZINYD
6ETIETOZNZINYD
T8E6L0DZNZINYD

L9L68B0DCINZINYD
SPEBTTOZINZINYD
TV66TTOZNZINYO

LLO0SOOZWZINYD
¥LOVPODTINZINGD

Chr4 Chr5 Chr10

Chr2

Chr1

256
257

22



258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276

Figure S10. The overrepresentation of metabolite GWAS in maize priori candidates. The
annotations of maize priori candidates shown in this figure can be found in Table S6 and the red
dashed line indicates the significance level of LOD = 3. (A) Total amino acids. (B) Chlorophyll
A. (C) Chlorophyll B. (D) Fructose. (E) Fumarate. (F) Glucose. (G) Glutamate. (H) Malate. (I)
Nitrate. (J) Protein. (K) Starch. (L) Sucrose.
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Figure S12. Linkage disequilibrium (r*) between a portion of SNPs identified as significantly
associated with some metabolites (these are SNPs discussed in the text) and all other SNPs on
the same chromosome. The position of the significant SNP to which all others are compared is
indicated with a dashed vertical line (this SNP has an r* of 1.0 with itself). Red circles indicate
observed r” values in the 25 NAM founders. Black circles indicate expected r* values in the
NAM RILs. Shaded vertical bars represent all QTL support intervals on a chromosome. Top
panels display LD across an entire chromosome. Bottom panels focus on LD across an entire
QTL support interval (if the significant SNP is inside of a QTL support interval) or a length of
chromosome representing 5 cM of genetic distance to either side of the significant SNP (if the
SNP is outside of a QTL support interval).
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364

Table S1. Whole field repeatability, NAM founder line broad-sense heritability, and number of
QTL identified by joint linkage mapping.

Whole-field NAM founder line

Trait repeatability  broad-sense heritability  Number of QTL R? for model
Sucrose 0.49 0.42 5 0.54
Glucose 0.45 0.28 13 0.41
Fructose 0.44 0.32 7 0.37
Starch 0.53 0.40 14 0.55
Glutamate 0.58 0.45 7 0.33
Protein 0.34 0.26 7 0.34
Chla 0.51 0.49 7 0.41
Chlb 0.50 0.14 9 0.38
Fumarate 0.71 0.36 15 0.32
Malate 0.58 0.68 9 0.44
AA 0.55 0.35 18 0.44
Nitrate 0.15 0.22 7 0.48
Prinl - - 8 0.24
Prin2 - - 14 0.47

Chla, chlorophyll a; Chlb, chlorophyll b; AA, total amino acids; Prinl: first principal component;
Prin2: second principal component 2.
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Table S8. Pearson correlations between flowering time and metabolites

Trait Correlation Coefficient p-value
Sucr -0.56 0

Chla -0.43 5x 102"
Nitr -0.43 1x 102"
Mala -0.37 1x 10"
Star -0.37 2x107%
Glut -0.36 7x 107
Fuma -0.36 3x 10"
Fruc -0.34 1x 10"
Prot -0.21 5x 10"
AA 0.11 1x 10"
Chlb -0.07 9x 1077
Gluc -0.06 1x 10"

Sucr, sucrose; Chla, chlorophyll a; Nitr, nitrate; Mala, malate; Star, starch; Glut, glutamate;
Fuma, fumarate; Fruc, fructose; Prot, protein; AA, total amino acids; Chlb, chlorophyll b;
Gluc, glucose
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