










Figure S4 Logarithm of the odds (LOD score) profiles from fixed-effect interval mapping (FEIM) of eight yield-related traits from
‘Beauregard’ × ‘Tanzania’ (BT) full-sib family. Triangles represent the QTL peaks. Trait abbreviations: number of commercial
(NOCR), noncommercial (NONC) and total (TNR) roots per plant, commercial (CYTHA), noncommercial (NCYTHA) and total
(RYTHA) root yield in t · ha−1, foliage yield (FYTHA) in t · ha−1, and commercial index (CI). Dashed horizontal lines represent the
permutation-based genome-wide significance LOD threshold of 0.20.
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Figure S5 Heatmap with expression abundances in fragments per kilobase exon model per million mapped reads (FPKM, log2-
transformed) for five genes in leaves and roots of ‘Beauregard’ (B) and ‘Tanzania’ (T). DAT: days after transplanting. SR: storage
roots. FR: fibrous roots.
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Supplemental Tables

Table S1 Detection power (in percentage) and absolute difference between simulated and mapped QTL peak position (on
average, in centiMorgans) from 1,000 simulated quantitative traits with three QTLs with different heritabilities (h2

q =

{0.27, 0.18, 0.09}). Fixed-effect interval mapping (FEIM) and random-effect multiple interval mapping (REMIM) were carried
out under different genome-wide significance LOD and pointwise backward p-value thresholds, respectively, in ‘Beauregard’ ×
‘Tanzania’ (BT) full-sib population

h2
q

FEIM REMIM

Genome-wide
significance

Power (%) Difference
(cM)a

Pointwise
significance

Power (%) Difference
(cM)a

0.27 0.20 89.40 2.41 (3.31) 10−2 92.60 2.75 (3.37)

0.18 73.00 3.16 (3.67) 84.90 3.51 (3.93)

0.09 34.50 4.06 (4.19) 62.50 4.12 (4.13)

0.27 0.15 88.80 2.40 (3.31) 10−3 92.00 2.65 (3.36)

0.18 71.60 3.16 (3.67) 81.80 3.29 (3.81)

0.09 32.30 3.99 (4.21) 51.70 3.77 (3.97)

0.27 0.10 88.00 2.40 (3.32) 10−4 89.10 2.48 (3.24)

0.18 70.00 3.16 (3.69) 73.40 3.14 (3.73)

0.09 29.90 3.85 (4.08) 39.30 3.67 (3.89)

0.27 0.05 86.60 2.38 (3.33) 10−5 84.40 2.38 (3.17)

0.18 66.80 3.13 (3.68) 65.60 2.89 (3.59)

0.09 27.20 3.82 (4.07) 26.70 3.43 (3.86)

a Standard errors of means are between parentheses.

Table S2 False discovery rate (FDR, in percentage) and proportion of matched QTL (coverage, in percentage) relative to support
intervals calculated for each d = {1.0, 1.5, 2.0} from 1,000 simulated quantitative traits. Fixed-effect interval mapping (FEIM)
and random-effect multiple interval mapping (REMIM) was carried out under different genome-wide significance LOD and
pointwise backward p-value thresholds, respectively, in ‘Beauregard’ × ‘Tanzania’ (BT) full-sib population

d
FEIM REMIM

Genome-wide
significance

FDR (%) Coverage (%) Pointwise
significance

FDR (%) Coverage (%)

1.0 0.20 27.49 85.98 10−2 48.95 90.21

1.5 20.53 94.51 46.03 95.67

2.0 17.53 98.32 45.25 97.08

1.0 0.15 25.98 85.99 10−3 26.23 91.26

1.5 18.75 94.50 22.77 95.79

2.0 15.66 98.34 21.71 97.16

1.0 0.10 24.01 86.00 10−4 16.73 91.82

1.5 16.61 94.52 12.96 95.94

2.0 13.50 98.30 11.92 97.13

1.0 0.05 21.71 86.08 10−5 12.90 92.36

1.5 14.25 94.49 9.56 95.87

2.0 10.97 98.27 8.62 97.00
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Table S3 Summary of fixed-effect interval mapping (FEIM) for eight yield-related traits in ‘Beauregard’ × ‘Tanzania’ (BT) full-
sib family. Linkage group (LG), map position (in cM) and its ∼95% support interval (SI), likelihood-ratio test (LRT), its corre-
sponding logarithm of the odds (LOD) and the adjusted R2 (in percentage) are shown for each mapped QTL using permutation-
based genome-wide significance LOD threshold of 0.20.

Traita QTL LG Position (SI) LRT LOD R2
adj (%)

NOCR 1 1 140.03 (113.05-154.02) 47.71 10.36 11.83

2 3 20.18 (16.60-39.52) 47.41 10.3 11.74

NONC 1 1 142.10 (127.44-162.44) 32.08 6.97 7.08

2 3 32.56 (4.68-50.15) 39.02 8.47 9.22

3 10 111.40 (97.02-154.13) 37.61 8.17 8.79

4 15 54.49 (34.37-75.28) 47.48 10.31 11.76

TNR 1 1 140.03 (131.50-155.34) 49.28 10.7 12.29

2 3 32.56 (18.43-44.03) 50.48 10.96 12.64

3 9 26.14 (15.11-54.08) 34.35 7.46 7.78

4 15 75.28 (33.13-118.00) 37.88 8.23 8.87

CYTHA 1 15 5.27 (1.07-36.02) 44.4 9.64 10.84

NCYTHA 1 3 32.56 (24.47-44.03) 34.71 7.54 7.89

2 15 105.02 (103.05-117.01) 37.43 8.13 8.73

RYTHA 1 15 5.27 (1.07-36.02) 42.23 9.17 10.19

FYTHA 1 4 95.01 (68.09-112.02) 31.84 6.91 7.00

2 10 30.31 (16.12-37.32) 34.93 7.58 7.96

CI 1 15 4.19 (0.00-37.25) 34.31 7.45 7.77

a Trait abbreviations: number of commercial (NOCR), noncommercial (NONC) and total (TNR) roots per plant, commercial (CYTHA), noncommercial (NCYTHA) and total
(RYTHA) root yield in t · ha−1, foliage yield (FYTHA) in t · ha−1, and commercial index (CI).
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Table S4 Allele additive effects from QTL mapped for eight yield-related traits in ‘Beauregard’ × ‘Tanzania’ (BT) full-sib family
using random-effect multiple interval mapping (REMIM). ‘Beauregard’ ({a, ..., f }) and ‘Tanzania’ ({g, ..., l}) alleles represent the
parental contribution to the trait mean.

Traita QTL
’Beauregard’ ’Tanzania’

a b c d e f g h i j k l

NOCR 1 −0.0767 0.0998 −0.0025 0.0248 −0.0221 −0.0233 −0.0168 0.0216 0.0305 0.0523 −0.1057 0.0181
2 0.0072 0.0782 −0.0600 0.0351 −0.0162 −0.0444 −0.0083 0.0966 −0.0420 0.0219 −0.0541 −0.0140
3 0.0112 −0.0360 −0.1171 0.0791 0.0172 0.0456 −0.1475 0.0045 0.0302 0.0685 0.0272 0.0171
4 −0.0446 −0.0138 0.0545 −0.0276 0.0031 0.0285 0.0407 −0.0534 0.0618 −0.0010 −0.0569 0.0088
5 0.1042 −0.0060 −0.0487 −0.0179 −0.0287 −0.0029 0.0072 0.0802 −0.0385 −0.0659 0.0086 0.0083
6 −0.0184 −0.0463 0.0944 0.0299 −0.0200 −0.0396 0.0406 −0.0627 −0.0084 −0.0149 −0.0005 0.0459
7 −0.0979 0.0436 0.0795 −0.0238 0.0053 −0.0066 −0.0073 −0.0213 −0.0033 −0.0188 0.0254 0.0254

NONC 1 −0.0065 0.0898 −0.0631 −0.0086 0.0004 −0.0120 −0.0094 0.0480 0.0079 −0.0105 −0.0073 −0.0286
2 0.0492 −0.0402 −0.0619 0.0578 −0.0399 0.0350 −0.0476 −0.0012 −0.0319 0.0295 −0.0109 0.0622
3 −0.0601 0.0219 −0.0284 0.0097 −0.0053 0.0623 −0.0135 −0.0232 0.0733 0.0096 0.0048 −0.0509
4 −0.0147 −0.0056 0.0199 −0.0666 0.0535 0.0134 0.0182 0.0024 −0.0133 −0.0574 0.0566 −0.0066
5 −0.0355 −0.0245 0.1207 −0.0647 −0.0168 0.0207 0.0324 −0.0387 0.0096 0.0079 0.0051 −0.0163
6 −0.0041 −0.0330 −0.0358 −0.0239 0.0225 0.0743 −0.0605 0.0054 0.0790 −0.0100 0.0174 −0.0314
7 −0.0375 −0.0169 −0.0522 −0.0189 0.0433 0.0823 0.0026 0.0304 −0.0097 0.0073 0.0098 −0.0404
8 0.0480 0.0233 −0.0488 −0.0325 0.0034 0.0065 −0.0718 0.0583 0.0063 −0.0527 0.0385 0.0214
9 −0.0236 0.0210 0.0394 −0.0462 −0.0337 0.0431 0.0222 0.0696 −0.0431 −0.0368 0.0138 −0.0257

TNR 1 −0.1089 0.1489 0.0388 −0.0386 −0.0364 −0.0038 −0.0366 0.0279 −0.0089 0.1466 −0.1538 0.0248
2 0.0674 −0.0521 −0.2164 0.1942 −0.0873 0.0942 −0.2958 0.0116 −0.0017 0.1910 0.0015 0.0935
3 −0.0910 0.0071 −0.0011 0.0510 −0.0154 0.0495 0.0869 −0.0924 0.1659 0.0022 −0.0802 −0.0824
4 −0.0169 0.0362 0.0188 −0.0017 −0.0564 0.0201 −0.0109 −0.0672 0.0224 0.0496 −0.0830 0.0893
5 0.0093 −0.0954 0.0393 −0.0886 0.0793 0.0561 0.0286 −0.0325 0.0097 −0.0735 0.0481 0.0197
6 −0.0923 −0.0610 0.1614 −0.0188 −0.0513 0.0620 0.0677 −0.0757 −0.0191 −0.0217 −0.0048 0.0536
7 0.0630 −0.0419 −0.0103 −0.0742 −0.0033 0.0667 −0.0921 0.0702 0.0999 −0.0205 0.0585 −0.1160
8 0.0531 0.0498 −0.0964 −0.0560 0.0354 0.0141 −0.1263 0.0350 −0.0019 −0.0542 0.0885 0.0590
9 −0.0183 0.0886 −0.0302 −0.0284 0.0634 −0.0751 0.0805 −0.1203 0.0930 −0.0222 −0.0296 −0.0014

10 −0.0322 0.0995 0.0176 −0.0951 −0.0842 0.0944 −0.0457 0.1152 0.0623 −0.0294 −0.0839 −0.0186
CYTHA 1 0.3022 0.8168 −0.6094 −0.0872 −0.1778 −0.2447 0.0310 0.2950 1.0456 −0.3993 −0.4669 −0.5054
NCYTHA 1 −0.0293 0.0510 −0.0056 −0.0203 −0.0169 0.0212 0.0075 0.0358 0.0014 0.0273 −0.0984 0.0264

2 −0.0021 0.0178 0.0192 −0.0118 −0.0464 0.0233 −0.0081 −0.0665 −0.0043 0.0406 −0.0114 0.0497
3 −0.0346 0.0214 0.0028 −0.0366 0.0557 −0.0086 0.0044 0.0093 0.0535 0.0021 −0.0511 −0.0181
4 −0.0092 −0.0401 −0.0260 0.0362 −0.0271 0.0662 −0.0336 −0.0396 0.0529 0.0296 0.0200 −0.0294
5 0.0000 0.0234 −0.0298 −0.0756 0.0141 0.0679 −0.0543 0.0586 0.0442 0.0067 −0.0033 −0.0520

RYTHA 1 −0.0115 −0.2356 −0.3605 0.1004 0.4067 0.1005 0.4142 −0.2283 −0.5186 −0.3287 0.3150 0.3464
2 0.3820 0.0903 −0.4735 0.1308 0.0187 −0.1483 0.3776 −0.1423 −0.7335 −0.2565 −0.0959 0.8506
3 0.3013 0.8584 −0.6686 0.0513 −0.3013 −0.2410 0.0457 0.4922 1.1574 −0.5636 −0.4004 −0.7314

FYTHA 1 0.5933 0.2377 0.0278 −0.0235 −0.0610 −0.7743 0.3693 0.0962 −0.5706 −0.0128 0.3894 −0.2715
2 0.3460 0.2159 0.0281 −0.6872 −0.0797 0.1769 0.6112 −0.5162 0.0262 0.1795 −0.3660 0.0653
3 −0.2534 −0.0520 0.0282 0.1661 0.2388 −0.1277 0.5113 −0.3626 0.0336 0.4025 −0.0063 −0.5785
4 −0.2832 −0.2848 0.2943 0.0672 −0.1976 0.4041 −0.2560 −1.0853 0.6058 0.2293 0.4539 0.0524
5 0.1011 0.2950 0.0799 0.4343 −0.7205 −0.1898 0.0774 −0.7765 0.3509 0.0161 0.0354 0.2968

CI 1 0.0012 0.0120 −0.0060 −0.0027 0.0004 −0.0049 0.0012 0.0040 0.0104 −0.0048 −0.0056 −0.0052

a Trait abbreviations: number of commercial (NOCR), noncommercial (NONC) and total (TNR) roots per plant, commercial (CYTHA), noncommercial (NCYTHA) and total
(RYTHA) root yield in t · ha−1, foliage yield (FYTHA) in t · ha−1, and commercial index (CI).
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Table S5 Map (in centiMorgans) and genome (in base pairs) positions and support intervals (inside the parentheses) for QTL
mapped in ’Beauregard’×’Tanzania’ full-sib family using random-effect multiple interval mapping (REMIM) for eight yield-
related traits.

Traita QTL LG Map position (cM) I. trifida genome (bp) I. triloba genome (bp)

NOCR 1 1 139.24 (99.06-152.48) 22077567 (15917835-23281986) 26692560 (10387193-28126436)

2 2 139.30 (98.83-152.5) 16126352 (11398424-3350738) 11822379 (6161757-13945807)

3 3 20.18 (0.00-37.44) 1591872 (32030-3185578) 1802096 (22131-3524655)

4 4 76.48 (57.01-100.14) 4780118 (3520761-7038218) 5570824 (4107181-11896279)

5 7 38.27 (2.18-99.12) 2838315 (239482-15160871) 3005905 (302031-21622505)

6 9 31.15 (22.24-73.45) 2036465 (1357520-3997473) 2537129 (1804182-4799470)

7 11 98.39 (83.07-123.22) 7711459 (6002238-16415359) 10309151 (8138260-18201378)

NONC 1 2 88.62 (72.44-95.72) 10660510 (9568479-11099215) 5346836 (4151689-5850309)

2 3 12.36 (0.00-21.01) 790052 (32030-1645526) 898334 (22131-1870158)

3 4 65.09 (54.35-70.05) 4039479 (3226706-4328193) 4701624 (3769011-5022282)

4 6 3.12 (0.00-25.13) 10827111 (11507438-7099549) 8590172 (9365714-4034190)

5 9 15.11 (13.48-51.17) 963597 (777490-2666908) 1377719 (1161653-3269774)

6 10 145.40 (137.16-164.81) 22087839 (21754871-23272183) 26130519 (25776790-27501919)

7 12 137.16 (125.03-147.31) 21521557 (20738759-22197168) 25320356 (24372733-26179595)

8 13 65.36 (50.68-98.41) 12302173 (4360140-17295029) 19828339 (8041557-25122550)

9 15 46.19 (32.15-119.04) 2779657 (1939509-18430098) 3166284 (2238681-22171700)

TNR 1 1 140.03 (130.13-148.23) 22212737 (20422516-23040691) 26810094 (6478813-27858718)

2 3 20.18 (18.43-25.28) 1591872 (1428660-1971958) 1802096 (1628157-2218567)

3 4 62.03 (43.43-86.11) 3832284 (2567373-5837890) 4469117 (2988152-9198140)

4 4 200.09 (164.01-205.15) 30146741 (27537111-30647356) 33756387 (30687469-34246129)

5 6 3.12 (0.00-14.33) 10827111 (11507438-9128510) 8590172 (9365714-6585862)

6 9 73.45 (13.48-82.10) 3997473 (777490-4928686) 4799470 (1161653-6032732)

7 10 149.31 (144.46-185.31) 22370642 (22001105-24392989) 26474885 (26021589-28734008)

8 13 71.22 (44.23-120.57) 13078300 (3404827-18987490) 20738566 (6812279-27040045)

9 14 66.19 (59.27-79.27) 13866336 (6439913-15641815) 12047246 (13374139-19755290)

10 15 109.10 (65.09-118) 11529245 (4456148-18121488) 13540937 (4998050-21802867)

CYTHA 1 15 5.27 (0.00-32.15) 477772 (21822-1939509) 570552 (56000-2238681)

NCYTHA 1 1 131.50 (113.05-152.48) 20574531 (19617725-23281986) 6295866 (8560921-28126436)

2 4 180.36 (43.43-215.18) 28612876 (2567373-31472749) 32007820 (2988152-35147251)

3 8 0.00 (0.00-76.43) 19730 (19730-5572337) 67559 (67559-6976839)

4 10 60.24 (35.15-114.14) 5641312 (2981461-19734636) 7167078 (3609708-23944890)

5 15 105.02 (75.28-125.3) 10277885 (5578641-18573061) 11851576 (6377917-22348321)

RYTHA 1 8 115.54 (40.19-115.54) 15710677 (2729207-15710677) 17988854 (3362265-17988854)

2 13 128.02 (90.20-145.54) 19774175 (16115515-20717332) 27997761 (24485922-29160603)

3 15 4.19 (0.00-8.02) 452966 (21822-656169) 541410 (56000-772513)

FYTHA 1 4 63.08 (0.00-112.02) 3949338 (42497-11940181) 4583079 (27376-15353793)

2 7 56.40 (34.12-109.48) 4151772 (2632557-10523783) 4391711 (2793744-15591910)

3 8 43.00 (27.20-54.33) 2990041 (2088002-3564360) 3816702 (2602036-4509723)

4 10 29.09 (18.40-37.32) 2508929 (1725045-3121782) 2930617 (1764312-3779221)

5 13 42.60 (31.67-68.18) 3275253 (2251209-12530096) 6492727 (3912768-20079912)

CI 1 15 5.27 (0.00-36.02) 477772 (21822-2185604) 570552 (56000-2490117)

a Trait abbreviations: number of commercial (NOCR), noncommercial (NONC) and total (TNR) roots per plant, commercial (CYTHA), noncommercial (NCYTHA) and total
(RYTHA) root yield in t · ha−1, foliage yield (FYTHA) in t · ha−1, and commercial index (CI).
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