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What do you already know about diabetes?
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How can we present a timeline of the understanding of diabetes?
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How can we test for diabetes?
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Which diabetic is most in need of insulin?
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How do we currently test for diabetes?
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What is glucose?
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How is glucose stored in the body?
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How is glycogen converted to glucose and vice versa?
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What is an oral glucose tolerance test?
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What is the importance of glucose in the body?
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How does glucose get into the body?
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How is glucose made in plants?
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How do different light intensities affect the rate of photosynthesis?
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How can we ensure maximum crop productivity?
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What is the future for crop development?
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How has the number of diabetics increased?
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What are the causes of diabetes?
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Why has the number of people with diabetes increased?
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How sure are we that obesity causes Type 2 diabetes?
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How can diabetes be treated?
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Where next for diabetes treatment?
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How can we test for diabetes?
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Which diabetic is most in need of insulin?
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What is glucose?
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Tunoaugiseu: nalaagnifiuldlusrinieedgauls?
How is glucose stored in the body?
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How do different light intensities affect the rate of photosynthesis?
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palulea 24.51 18.40 6.82 8.38 284.41 65.86
TnmAdas 490.17 225.48 4.94 556 | 11,883.88 162.43
A18190U57 2,035.87 1,528.63 6.65 756 | 33,618.92 28.34
sz me
Aadin
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TSN 39.80 18.31 3.69 45 1,866.80 246.59
ladGe 68.47 51.41 3.34 3.79 1,375.42 123.21
nanfanig 361.01 271.06 3.3 3.73 5,298.43 34.45
AT 389.68 292.59 5.32 559 | 12,799.49 46.38
WA 85.25 64.01 1.29 1.6 1,971.74 86.52
RR I 94.89 43.65 4.82 5.22 1,287.55 93.02
Tududin 286.10 214.82 2.47 2.82 | 10,103.84 73.44
e 65.96 30.34 5.33 6.86 1,386.41 803.53
luaaf 318.19 238.91 4.35 4.18 5,554.94 49.06
luaEe 3,746.51 1,723.39 4.64 5.27 | 105,090.67 178.39
A18190U457 112.50 51.75 5.26 5.91 2,549.26 183.78
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19 ilen 96.21 44.26 16.63 15.39 - -
25uAN 299.13 224.60 5.45 6.25 5,464.11 123.80
964N 4.79 2.20 5.03 5.88 61.72 196.22
WAz BuTl

LRIGE 291.98 134.31 4.4 5.14 3,474.27 95.69
LTad 7.84 3.6 12.26 11.98 90.70 661.19
\Fafalaw 97.62 73.30 3.28 3.76 2,890.58 179.65
Tauniae 290.68 218.26 6.45 7.29 5,152.57 2253
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naffuazam 40.16 30.15 10.46 11.15 - -
WINLLE 266.89 122.77 4.2 5.04 7,599.31 191.30
FarTuin 605.12 454.35 8.48 9.34 | 16,704.11 58.61
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gl5 51,978.31 17,192.09 7.87 6.24 | 537,016.07 2,775.98
WaALLLE 64.07 19.42 2.93 2.57 869.60 334.46
funas 4.44 1.51 7.44 5.35 31.02 3,524.26
a15Hle 58.28 17.67 2.78 2.58 1,026.17 216.20
ARALFTE 573.89 195.15 8.97 6.29 4,335.31 6,137.21
agafluanu 156.49 47 .45 2.39 2.56 2,395.19 630.62
AIREY 445.96 135.22 6.3 5.07 7,540.95 429.41
\ALEe 506.93 172.38 6.33 4.66 4,075.74 5,678.98
vadlileiLay 343.24 104.07 12.01 9.6 3,335.80 523.72
wafirlnaun

aunize 402.79 122.13 7.27 5.04 6,299.21 611.64
NYNNZUTUUA 9.04 3.07 7.36 5.39 - -
[GEGEIEE 219.65 74.69 6.86 5.52 2,106.76 1,060.64
Te1l5a 87.06 29.61 10.24 9.26 488.10 2,295.60
a1s170uigidn 729.01 247.90 8.87 6.59 7,264.00 1,669.56
AU 337.39 114.73 8.3 6.05 3,098.14 7,505.37
nalsiile 73.13 24.87 7.65 5.65 932.17 1,198.29
uginzunls 2.83 0.96 7.77 5.38 - -
Aunaus 352.64 119.91 8.9 5.77 2,893.93 4,824.07
Naueia 3,241.34 1,102.22 7.17 516 | 26,182.96 5,600.24
aafiag 97.61 29.60 3.11 2.55 1,5642.48 444.01
\aINdl 7,279.35 2,475.34 11.52 7.93 | 59,542.78 4,943.62
nas 585.39 199.06 7.04 4.81 4,735.19 2,354.47
fan3 565.40 171.43 7.51 5.94 7,383.39 1,158.60
Taduaus 9.21 3.13 4 3.2 59.93 5,207.42
Tafuaus 207.64 70.61 6.41 5.37 1,528.53 4,977.38
Glbalah 309.12 105.12 6.43 5.46 2,300.33 3,294.68
GlZen 3,515.80 1,195.55 7.71 493 | 23,061.94 3,371.23
ATAADNU 536.40 162.64 4.92 5.01 9,927.87 817.41
AfNTAn1U 169.59 84.79 5.08 6.3 2,786.09 135.08
AnLae 104.04 35.38 6.74 4.98 1,240.91 954.66
anmualad 2.13 0.73 7.8 5.4 13.41 -

\ o gal = a & o a
m NUILNITLILUIN 2: @Qﬂﬁ@@'ﬂgm'ﬁ"ﬂ’lqﬁﬂﬂq



= = o o a X
NAanIIuyn 17 ’mu’)uaﬂ')ﬂiﬁ'ﬂLU’IW"J’MLWN‘IIH@EI’I\{L?

Al 109.48 37.23 4.84 3.82 1,704.33 1,098.05
animuen 22.40 7.62 5.77 453 169.78 9,423.69
NAAR 35.22 11.98 10.69 7.33 269.39 2,113.78
NaalAan 74.69 22.65 2.87 2.52 1,361.85 333.04
(815190U5g)

Tuunin 2.15 0.73 7.69 5.35 14.33 7,711.76
NAUALUINg 53.83 16.32 12 9.82 636.35 -
WSRTLAUA 886.70 301.52 7.24 5 7,203.56 6,943.11
uafingd 249.20 84.74 6.93 5.24 1,657.68 | 11,144.28
Tduaus 2,049.06 696.78 7.08 5.63 | 20,535.28 1,061.83
Tsming 1,042.39 354.47 13.09 9.59 7,994.34 2,011.88
Tsnndly 1,530.25 463.97 9.28 7.99 | 17,285.55 490.64
G LG 6,762.51 2,299.59 6.23 5.03 | 123,483.18 1,120.69
TIUNTTIU 1.75 0.60 7.43 5.35 12.21 4,370.14
iafide 844.08 255.92 11.96 9.75 9,965.88 666.93
alaane 387.26 131.69 9.28 7.21 4,892.20 1,633.93
alanile 158.81 54.00 10.03 7.7 1,433.85 2,183.93
allu 3,704.07 1,259.57 10.58 7.85 | 24,427.96 3,090.59
Anau 426.80 145.13 6.14 4.51 2,929.02 6,308.58
RIS R 438.05 148.96 7.18 5.63 2,486.90 | 10,592.28
NIANANU 202.82 101.41 4.54 6.44 2,617.81 96.09
BRANANE1T0UIY 180.18 54.63 11.44 9.76 1,914.24 403.05
glnaa

T LALTe

537 7,227 .45 2,191.36 14.71 14.84 | 59,755.22 895.00
LAFNINTEANIUY 133.87 40.59 4.08 5.01 2,540.03 219.53
2LATY 1,099.86 333.48 3.17 258 | 20,486.38 377.12
ANTVTANUNANT 2,452.83 834.09 5.38 3.9 | 21406.14 4,466.07
YULUNADY 912.73 276.74 5.1 6.43 | 12,834.68 166.09
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AzIuRaNNaN | 36,790.04 17,862.20 9.72 11.26 | 362,819.53 457.89
wazuansmiuila

fvinTannu 805.22 402.61 6.15 8.07 | 18,513.73 101.75
WanaL3e 1,649.07 824.54 6.54 7.29 | 14,043.57 422.87
UNALIU 170.57 69.42 17.53 21.87 820.11 1,195.52
agys 7,593.27 3,796.64 15.42 16.56 | 72,371.82 213.20
U 4,581.61 2,290.80 8.64 10.01 | 38,078.83 721.97
(@18790ug

AAAN)

a5n 1,291.21 645.61 7.55 9.6 | 17,773.35 399.90
qafuAu 378.26 189.13 8.89 11.45 3,111.45 638.74
AL 424.04 172.59 17.87 23.13 1,232.25 1,949.05
LAUNLAY 494.29 24714 14.36 14.92 6,358.10 834.29
e 326.82 163.41 8.54 9.79 2,701.96 908.04
Tudanin 1,552.17 776.08 7.45 7.88 9,517.58 289.25
Taunu 220.64 | 89.808.16 14.49 1,220.17 1,068.50

Unfannu 6,943.79 3,471.89 6.8 793 | 87,547.56 55.75
nmng 303.72 123.62 16.28 19.78 643.37 2,748.23
fgRanszIde 3,806.37 1,549.19 20.52 239 | 25526.76 1,067.32
Fqiaalod 140.87 70.43 6.58 9.16 - -
A 3,007.55 1,503.78 16.15 17.91 | 39,226.63 180.86
A18190U457 875.71 437.85 7.4 8.79 8,013.46 181.16
UsUT 58

G 704.35 352.18 9.33 9.41 5,122.80 418.55
aniy 803.94 327.20 10.68 19.02 1,335.08 1,967.44
ANTLLANLINE

LI 716.57 358.28 5.96 8.25 9,660.95 131.29
ANTMLUila 38,832.42 | 10,511.56 11.45 9.9 | 297,223.33 7,983.95
UAZLATULTIEY

WAINAAAN 1.22 0.30 13.15 12.62 - -
WAUFNA 7.94 2.20 13.43 13.08 94.99 927.62
WAZUNFYAN
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87311 12.08 3.35 16.24 13.03 - -
LU1AINNE 34.87 9.66 13.14 12.84 344.94 2,180.91
ufiulag 30.53 8.46 14.78 12.35 269.98 1,141.45
AT 25.47 6.37 13.52 15.88 261.53 404.45
Wwafiamn 6.90 1.91 14.94 12.77 - -
NYIN1EUTAT 2.37 0.59 12.96 12.62 - -
AL

LAUIAN 3,033.63 840.62 11.62 9.41 17,923.48 6,741.48
R HGLITEGH 5.02 1.39 13.24 12.77 - -
AR 18.23 5.05 15.9 12.82 - -
AaNTNT 5.31 1.33 11.47 10.99 47.72 543.35
INTLLAN 5.55 1.39 8.39 9.22 81.87 718.23
faneqtl 25.18 6.29 7.94 6.33 - -
NN2RIUY 61.76 15.44 14.26 15.84 1,025.30 372.02
L5 318.26 93.57 5.6 6.7 6,313.72 91.06
AN 183.82 45.96 10.76 10.53 1,828.49 460.98
NNFATN 45.67 12.65 16.08 12.82 - -
Wndin 9,018.62 2,254.65 11.92 12.63 | 68,659.76 892.53
AU LIATIH 0.45 0.12 13.74 13.06 - -
\TUARNA 4.64 1.28 13.21 12.55 58.67 1,120.01
LAZLLAA

LsTg e 10.23 2.56 8.51 8.31 93.24 794.52
EAT T it 6.99 1.75 9.91 9.95 87.10 493.92
WAZINTUNAUS

FUANTLRL 3.90 1.08 13.23 12.77 - -
(42129900 D)

IEATRH 36.74 9.19 10.74 10.83 463.08 762.50
FrllLARLAY 135.59 37.57 14.17 13.09 1,461.09 1,238.60
Tmuln

AN3FaLLIN 25,779.34 7,143.46 11.39 9.39 | 198,208.37 | 10,902.17
nYinziedau 12.10 3.35 16.24 12.1 - -
PRIANTFALNTN
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ausmla 24,793.30 6,782.99 8.11 8.18 219,050.30 1,155.66
LAZBLNTMNAY

RRHGHe 1,626.07 451.72 5.97 5.65 15,220.51 1,422.73
RIGeH 371.09 103.09 6.3 7.28 4,694.31 252.08
(FgNYTUTR

witaluane)

UINTA 11,623.32 3,228.96 8.68 8.7 116,382.56 1,527.57
A 1,513.41 325.53 12.32 11.19 8,956.43 1,427.04
TAaauLde 2,191.92 608.92 717 7.26 14,168.18 805.03
ARARITN 305.73 84.93 9.27 9.5 1,590.15 1,364.45
AL 702.39 195.12 8.37 6.7 5,920.69 704.68
Zﬂﬁﬂimﬁ‘/ﬁ 669.86 186.09 10.74 11.35 7,888.33 466.05
TaRTAu

1anNa1mAas 544.39 151.23 5.71 5.91 4,540.90 562.53
ladanaT 386.79 107.45 10.55 11.75 3,675.70 377.29
wsudineun 12.11 3.37 8.16 8.54 - -
AalANIan 679.99 188.90 8.93 10.84 7,964.67 385.38
201034 420.78 116.89 9.53 11.69 2,774.20 319.71
N9 356.10 98.92 10.32 12.45 3,166.62 221.27
U 202.16 56.16 8.36 8.54 1,396.92 1,096.20
1197098 243.78 67.72 6.2 7 2,242.00 658.24
L‘ﬂg 1,143.59 317.69 6.1 6.54 7,650.27 523.53
wlaslesin 397.13 110.05 15.5 12.98 - -
f3nde 150.26 32.32 6.58 5.76 1,040.09 1,742.08
MILUTLRAN 1,252.44 347.93 6.58 6.86 9,777.78 935.45
(@18190ug

SIRLRH

WHILILUTLEAN)

\ o gal = a & o a
m NUILNITLILUIN 2: @Qﬂﬁ@@'ﬂgm'ﬁ"ﬂ’lqﬁﬂﬂq



a = ° 9 a X .
NAanIIuyn 17 mmugﬁfm‘imm’mmummuﬂmﬂi

vaidelauas 74,957.00 | 39,581.63 8.33 8.83 | 1,185,208.36 92.17
IaLdeAzAIURan

lananme 5,982.18 2,979.12 6.34 6.89 | 111,371.48 42.59
YU 23.39 12.42 4.94 5.83 124.36 149.99
GG 66,846.88 |  35,495.69 8.63 9.11 | 1,039,980.44 94.96
Aannd 17.05 9.05 7.97 9.41 108.51 869.63
eI 209.71 111.36 23.5 21.15 2,460.75 485.03
wilna 700.74 348.97 458 4.96 14,778.47 60.00
FAIAINN 1,177.05 625.01 8.32 7.8 16,384.35 122.57
wildWnazaunn | 137,813.47 | 73,837.24 8.45 7.89 | 1,821,496.24 732.91
ARALATIAL 859.19 463.53 5.14 4.08 4,962.91 7,931.05
uglu 21.57 11.64 7.69 8.03 224.87 1,384.01
@W@&%W@WN

AW 229.42 144.63 2.56 2.96 5,534.27 88.13
A 96,288.03 | 51,273.38 9.32 8.64 | 1,205,922.56 421.32
UYn1EAn 3.12 1.68 25.44 25.54 11.34 637.94
A18190U3g 1,163.48 733.46 6.68 6.15| 27,890.18 -
szasilne

U921 TUN9A

WA 58.77 31.30 10.71 10.88 1,053.34 263.29
wsndldatiae 47.16 25.44 24.83 24.42 - -
nqu 22.61 12.20 21.13 20.05 - -
LUALITUNTWLAL 568.38 306.64 9.92 7.66 - 1,811.37
#9n4 (A1)

ulntude 9,116.03 4,854.29 5.81 6.03 | 175,936.01 174.71
a‘jﬂu 7,212.05 3,890.90 7.6 512 | 64,714.52 4,908.07
ATLNG 14.22 7.57 23.89 26.43 145.15 246.04
A19190U3g 149.28 94.11 4.06 5.03 3,709.74 74.24
1szagdlme

Uszanmuang

LURLTVTNLAL 43.08 23.24 9.33 8.63 - 1,026.77

[ a
LN (AU)
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NLALTE 3,225.17 1,717.40 16.61 17.64 | 34,421.92 565.35
nine 11.85 6.31 37.37 37.06 229.16 654.27
WFutan

Tulastlide 16.64 8.86 30.75 36.3 170.35 516.00
(aniusdg)

uaslniae 133.75 71.22 7.27 7.5 2,961.76 336.88
Wi 2,050.98 1,292.94 5.79 6.14 |  60,517.69 30.87
1193 1.42 0.76 23.47 23.27 21.71 722.50
Haundlaily 37.61 20.29 21.34 20.06 - -
TaTuaus 384.32 207.34 12.14 9.9 2,326.36 3,883.23
flgie 0.10 0.05 13.11 13.4 0.75 1,819.96
a0 2.38 1.27 18.72 18.46 27.12 1,289.47
UnilafinAdl 200.94 107.00 5.22 6.33 4,932.38 209.04
Wadtud 3,273.59 1,743.18 5.89 6.71 53,548.95 205.50
an8190usg 2,767.69 1,493.17 7.33 597 | 27,804.63 2,144.39
YA

71507 6.98 3.72 7.16 7.64 160.80 429.32
aemTils 533.63 287.89 12.83 10.79 4,246.69 2,858.02
ug iy 37.93 20.20 13.51 16.12 495.33 236.73
Talanau

TFvdu 1,757.05 947.93 9.92 8.3 - 1,219.33
Tne 4,175.55 2,223.48 8.45 7.36 | 84,347.71 285.43
Fuas-LaaLm 26.20 13.95 5.6 6.76 589.60 105.23
TmLnian 0.22 0.12 29.81 29.64 - -
LN 7.41 3.95 13.79 14.76 110.49 360.78
7919 0.90 0.48 15.35 15.33 15.73 801.34
Y018 28.63 15.24 21 23.71 356.47 165.06
REAUNN 3,336.12 1,776.49 5.33 5.71 54,105.77 149.89

386,667.28 | 179,211.69 4,903,698.14 1,583.31
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Causes of diabetes
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talks/caleb_harper_this_computer_will_

grow_your_food_in_the_future

TANUEYANIN

LNANARAS
u 9

This computer will grow your food in the 1:42, 2:25, 2:57,
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Food crisis. It's in the news every day. But what is it?
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Some places in the world it’s too little food, maybe
too much. Other places, GMO is saving the world.
Maybe GMO is the problem.
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Too much agricultural run-off creating bad oceans,

toxic oceans, attenuation of nutrition, they go on

and on.
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And | find the current climate of this discussion
incredibly disempowering. So how do we bring
that to something that we understand?
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How is this apple food crisis? You've all eaten

an apple in the last week, I'm sure. How old do you
think it was from when it was picked?
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Two weeks? Two months? Eleven months -- the
average age of an apple in a grocery store in the
United States. And | don’t expect it to be much
different in Europe or anywhere else in the world.
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We pick them, we put them in cold storage, we gas
the cold storage. There’s actually documented to
proof of workers trying to go into these environments
to retrieve an apple, and dying, because the
atmosphere that they slow down the process of the
apple with is also toxic to humans.
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How is it that none of you know this? Why didn’t

| know this? Ninety percent of the quality of that

apple --all of the antioxidants -- are gone by

the time we get it. It's basically a little ball of sugar.

How did we get so information poor and how can

we do better?
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| think what’s missing is a platform. | know platforms.
| know computers, they put me on the Internet
when | was young. | did very weird things. On this
platform, but | met people, and | could express
myself.
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How do you express yourself in food? If we had

a platform, we might feel empowered to question:
What if?
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For me, | questioned: What if climate was
democratic? So, this is a map of climate in the
world. The most productive areas in green, the least

productive in red. They shift and they change, and...

\ oyl = a & A a
m NUILNTLTEIUIN 2: mﬂamwgmwmwm

v
ANVSUNN WNLALFIAIDINGN Tuazifluasingls
o & a = o Al =
mmmwma‘mmﬂLﬂumwnﬂﬂmmﬂlm LADLLNUN
v 1
anwanniAaaalan NunRlszansninlunisuan
dl 3| a a dg, dld a Aa a dl 2
PEINTIUARIEY NNz ANEN W LRNTHARN LIRS
= o = o
WnawAY SUNNTAuwazene hay

Californian farmers now become Mexican farmers.
China picks up land in Brazil to grow better food,
and we're a slave to climate.
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What if each country had its own productive climate?
What would that change about how we live? What
would that change about quality of life and nutrition?
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The last generation’s problem was, we need more
food and we need it cheap. Welcome to your global
farm. We built a huge analog farm. All these traces --
these are cars, planes, trains and automobiles.
I's a miracle that we feed seven billion people with
just a few of us involved in the production of food.
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What if...we built a digital farm? A digital world farm.
What if you could take this apple, digitize it
somehow, send it through particles in the air and
reconstitute it on the other side? What if?
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Going through some of these quotes, you know,
they inspire me to do what | do.
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First one: Japanese farming has no youth,
no water, no land and no future.
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That's what | landed to the day that | went to
Minamisanriku, one stop south of Fukushima,

after the disaster. The kids have headed to Sendai
and Tokyo. The land is contaminated; they already
import 70 percent of their own food. But it's not
unique to Japan.
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Two percent of the American population is involved
in farming. What good answer comes from

two percent of any population? As we go around
the world, 50 percent of the African population is
under 18. Eighty percent don’t want to be farmers.
Farming is hard. The life of a small-shareholder
farmer is miserable. They go into the city.
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In India: farmers’ families not being able to have
basic access to utilities, more farmer suicides

this year and the previous 10 before that. It's
uncomfortable to talk about. Where are they
going? Into the city. No young people, and
everyone’s headed in. So how do we build this
platform that inspires the youth?
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Welcome to the new tractor. Right. This is my
combine. A number of years ago now, | went to
Bed Bath and Beyond and Home Depot and |
started hacking. And | built silly things and | made
plants dance and | attached them to my computer

and | killed them all -- a lot.

P ~

AunsauiugscuuAnmuuuLlu Hhawrsainy

d? ) ¥ o c a
tsrnavaiuun nanetiunaons ey we uns waus i
gaus way tan Al uarnuENlzAnlesa wazin
QI dy o v Y v v o a o
AQLNEI] wazaNn AUl fuszin wazdanandu
U ABNNLADTUDIEN LATHINWEEU — Leasne)

| eventually got them to survive. And | created
one of the most intimate relationships I've ever
had in my life, because | was learning the language
of plants. | wanted to make it bigger. They said,
“Knock yourself out, kid! Here’s an old electronics
room that nobody wants. What can you do?”
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With my team, we built a farm inside of the media
lab, a place historically known not for anything
about biology but everything about digital life.
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Inside of these 60 square feet, we produced
enough food to feed about 300 people once a month
-- not a lot of food. And there’s a lot of interesting
technology in there. But the most interesting thing,
beautiful white roots, deep, green colors and

a monthly harvest.
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Is this a new cafeteria? Is this a new retail
experience? Is this a new grocery store? | can tell
you one thing for sure: this is the first time anybody
in the media lab ripped the roots off of anything.
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We get our salad in bags; there’s nothing wrong
with that. But what happens when you have an
image-based processing expert, a data scientist,

a roboticist, ripping roots off and thinking, “Huh.

| know something about it -- | could make this
happen, | want to try.”
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In that process we would bring the plants out and
we would take some back to the lab, because if

you grew it, you don’t throw it away; it's kind of
precious to you.
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| have this weird tongue now, because I'm afraid
to let anybody eat anything until I've eaten it first,
because | want it to be good. So | eat lettuce every
day and | can tell the pH of a lettuce within 0.1.
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I'm like, “No, that’s 6.1 -- no, no,

you can't eat it today.”
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This lettuce that day was hyper sweet. It was
hyper sweet because the plant had been stressed
and it created a chemical reaction in the plant to
protect itself: “I'm not going to die!” And the plants
not-going-to-die, taste sweet to me. Technologists
falling backwards into plant physiology.
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So we thought other people needed to be able to try
this. We want to see what people can create, so we
conceived of a lab that could be shipped anywhere.
And then we built it.

L?WU‘ﬂﬂﬂuéuj dﬂfé’fﬂmm@ L?ﬁ@mmﬁu'j’muﬁluj
aza¥eelsld nfiaeAndtiemaassiadlyluusla
waziInaFeaiu

So on the facade of the media lab is my lab that

has about 30 points of sensing per plant. So,

If you know about the genome or genetics, this is
the phenome, right?
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The phenomena, when you say, “I like the
strawberries from Mexico,” you really like the
strawberries from the climate that produced the
expression that you like. So if you're coding

climate -- this much CO2, this much O2 creates a
recipe. You're coding the expression of that plant,
the nutrition of that plant, the size of that plant,

the shape, the color, the texture. We need data,

so we put a bunch of sensors in there to tell us
what's going on.
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If you think of your houseplants, and you look at your
houseplant and you’re super sad, because you're
like, “Why are you dying? Won't you talk to me?”
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Farmers develop the most beautiful fortune-telling
eyes by the time they’re in their late 60s and 70s.
They can tell you when you see that plant dying that
it's a nitrogen deficiency, a calcium deficiency or it
needs more humidity. Those beautiful eyes are not
being passed down.
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These are eyes in the cloud of a farmer. We trend
those data points over time. We correlate those data
points to individual plants. These are all the broccoli
in my lab that day, by IP address.
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We have |P-addressable broccoli.
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So if that's not weird enough, you can click one

and you get a plant profile. And what this tells you

is downloadable progress on that plant, but not like
you'd think, it's not just when it's ready.
Enfutloudanline Ananansanadanginglwe
209N TANFY uariLAazUanAnAIANALEN TN
Tnaanunsannatdivasdayasnglasae walaldue
fnnuAnlius Tuamnsomaiivasunglinaaniasdas

When does it achieve the nutrition that | need?
When does it achieve the taste that | desire? Is it
getting too much water? Is it getting too much sun?
Alerts. It can talk to me, it's conversant, we have
a language.
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| think of that as the first user on the plant Facebook,
right? That's a plant profile and that plant will start
making friends.
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And | mean it -- it will make friends with other plants
that use less nitrogen, more phosphorus, less
potassium. We're going to learn about a complexity
that we can only guess at now. And they may not
friend us back -- | don’t know, they might friend

us back, it depends on how we act.
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So this is my lab now. It's a little bit more
systematized, my background is designing data
centres in hospitals of all things, so | know a little bit
about creating a controlled environment.
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And so -- inside of this environment, we're
experimenting with all kinds of things. You know,

this process, aeroponics, was developed by NASA
for Mir Space Station for reducing the amount of
water they send into space.
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What it really does is give the plant exactly what it
wants: water, minerals and oxygen. Roots are not
that complicated, so when you give them that, you
get this amazing expression. It's like the plant has
two hearts. And because it has two hearts, it grows

four or five times faster.
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It's a perfect world. We've gone a long way into
technology and seed for an adverse world and
we're going to continue to do that, but we're going
to have a new tool, too, which is perfect world.
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So we've grown all kinds of things. These tomatoes
hadn’t been in commercial production for 150 years.
Do you know that we have rare and ancient seed
banks? Banks of seed.
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It's amazing. They have germplasm alive and things
that you've never eaten. | am the only person in this
room that’s eaten that kind of tomato. Problem is it
was a sauce tomato and we don’t know how to cook,
S0 we ate a sauce tomato, which is not that great.
But we've done things with protein -- we've grown

all kinds of things. We’ve grown humans --
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Well maybe you could, but we didn’t.
v
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But what we realized is, the tool was too big, it was
too expensive. | was starting to put them around
the world and they were about 100,000 dollars.

So finding somebody with 100 grand in their

back pocket isn’t easy, so we wanted to make

a small one.
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This project was actually one of my student’s --
mechanical engineering undergraduate, Camille.
So Camille and | and my team, we iterated all
summer, how to make it cheaper, how to make it
work better, how to make it so other people can
make it. Then we dropped them off in schools,
seventh through eleventh grade. And if you want

to be humbled, try to teach a kid something.
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So | went into this school and | said, “Set it to
65 percent humidity.” The seventh grader said,
“What's humidity?”
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And | said, “Oh, it's water in air.” He said,
“There’s no water in air, you're an idiot.”
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And | was like, “Alright, don’t trust me. Actually --
don’t trust me, right? Set it to 100. He sets it to
100 and what happens? It starts to condense,
make a fog and eventually drip.
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And he says, “Oh. Humidity is rain. Why didn’t
you just tell me that?”
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We've created an interface for this that’'s much

like a game. They have a 3D environment, they can

log into it anywhere in the world on their smartphone,

on their tablet. They have different parts of the bots
-- the physical, the sensors. They select recipes
that have been created by other kids anywhere

in the world. They select and activate that recipe,
they plant a seedling. While it's growing, they make
changes. They're like, “Why does a plant need
CO9 anyway? Isn’'t CO» bad? It kills people.”

Crank up COy, plant dies. Or crank down CO»,
plant does very well. Harvest plant, and you've
created a new digital recipe.
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It's an iterative design and development and
exploration process. They can download, then,
all of the data about that new plant that they
developed or the new digital recipe and what

did it do -- was it better or was it worse? Imagine
these as little cores of processing. We're going to

learn so much.
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Here’s one of the food computers, as we call them,
in a school in three weeks’ time. This is three weeks
of growth. But more importantly, it was the first time
that this kid ever thought he could be a farmer --

or that he would want to be a farmer.
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So, we've open-sourced all of this. It's all online;

go home, try to build your first food computer. It's
going to be difficult -- I'm just telling you. We're in the
beginning, but it's all there. It's very important to me
that this is easily accessible. We're going to keep
making it more so.
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These are farmers, electrical engineer, mechanical
engineer, environmental engineer, computer
scientist, plant scientist, economist, urban planners.
On one platform, doing what they’re good at. But
we got a little too big.
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This is my new facility that I'm just starting. This
warehouse could be anywhere. That's why | chose
it. And inside of this warehouse we’re going to build
somethmg kind of like this. These eX|st tht now.
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Take a look at it. These exist, too. One grows greens,
one grows Ebola vaccine. Pretty amazing that plants
and this DARPA Grand Challenge winner is one of
the reasons we're getting ahead of Ebola. The plants
are producing the protein that's Ebola resistant.
So pharmaceuticals, nutraceuticals, all the way
down to lettuce.
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But these two things look nothing alike, and that’s
where | am with my field. Everything is different.
We're in that weird “We're alright” stage and it’s like,
“Here’s my black box --” “No, buy mine.” “No, no, no
-- I've got intellectual property that’s totally valuable.

Don’t buy his, buy mine.”
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And the reality is, we're just at the beginning,

in a time when society is shifting, too. When we ask
for more, cheaper food, we're now asking for bet-
ter, environmentally friendly food. And when you
have McDonald'’s advertising what's in the Chicken
McNugget, the most mysterious food item of all time
--they are now basing their marketing plan on that --
everything is changmg
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So into the world now. Personal food computers,
food servers and food data centers run on the open
phenome. Think open genome, but we're going to
put little climate recipes, like Wikipedia, that you can
pull down, actuate and grow.
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What does this look like in a world? You remember
the world connected by strings? We start having
beacons. We start sending information about food,
rather than sending food. This is not just my fantasy,
this is where we're already deploying. Food
computers, food servers, soon-to-be food data
centers, connecting people together to share
information.
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The future of food is not about fighting over what's
wrong with this. We know what's wrong with this.
The future of food is about networking the next
one billion farmers and empowering them with

a platform to ask and answer the question, “What if?”
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Thank you.
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Is the obesity crisis hiding a bigger problem?
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I'll never forget that day, back in the spring of 2006.
unazlianduiuey deuldluggluldngt 2006

| was a surgical resident at The Johns Hopkins
Hospltal taking emergency call.
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| got paged by the E.R. around 2 in the morning
to come and see a woman with a diabetic ulcer
on her foot.
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| can still remember sort of that smell of rotting flesh
as | pulled the curtaln back to see her
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And everybody there agreed this woman was very
sick and she needed to be in the hospital.
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That wasn’t being asked. The question that was
being asked of me was a different one, which was,
did she also need an amputatlon’?
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Now, looking back on that night, I'd love so
desperately to believe that | treated that woman on
that night with the same empathy and compassmh
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I'd shown the 27-year-old newlywed who came

to the E.R. three nights earlier with lower back pain
that turned out to be advanced pancreatic cancer.
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In her case, | knew there was nothing | could do that
was actually going to save her life. The cancer was
too advanced.
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But | was committed to making sure that | could
do anything possible to make her stay more
comfortable. | brought her a warm blanket and
a cup of a coffee. | brought some for her parents.
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But more importantly, | passed no judgment on her,
because obviously she had done nothing to bring
this on herself.
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So why was it that, just a few nights later, as | stood
in that same E.R. and determined that my diabetic
patient did indeed need an amputation, why did

| hold her in such bitter contempt?
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You see, unlike the woman the night before, this
woman had type 2 diabetes. She was fat.
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And we all know that’s from eating too much and
not exercising enough, right? | mean, how hard
can it be?
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As | looked down at her in the bed, | thought to
myself, if you just tried caring even a little bit,

you wouldn’t be in this situation at this moment

with some doctor you've never met about to
amputate your foot.
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Why did | feel justified in judging her? I'd like to
say | don’t know.
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But I actually do. You see, in the hubris of my youth,
| thought | had her all igured out. She ate too much.
She got unlucky. She got diabetes. Case closed.
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Ironically, at that time in my life, | was also doing
cancer research, immune-based therapies for
melanoma, to be specific. And in that world | was
actually taught to question everything, to challenge
all assumptions and hold them to the highest
possible scientific standards.
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Yet when it came to a disease like diabetes
that kills Americans eight times more frequently
than melanoma. | never once questioned the
conventional wisdom.
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| actually just assumed the pathologic sequence
of events was settled science.
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Three years later, | found out how wrong | was.
But this time, | was the patient.
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Despite exercising three or four hours every single
day, and following the food pyramid to the letter. I'd
gained a lot of weight and developed something

called metabolic syndrome.
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Some of you may have heard of this. | had become
insulin-resistant.
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You can think of insulin as this master hormone that
controls what our body does with the foods we eat,
whether we burn it or store it.
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This is called fuel partitioning in the lingo.
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Now failure to produce enough insulin is
incompatible with life. And insulin resistance, as its
name suggests, is when your cells get increasingly
resistant to the effect of insulin trying to do its job.
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Once you're insulin-resistant, you're on your way to
getting diabetes, which is what happens when your
pancreas can't keep up with the resistance and
make enough insulin.
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Now your blood sugar levels start to rise, and an
entire cascade of pathologic events sort of spirals
out of control that can lead to heart disease, cancer,
even Alzheimer’s disease, and amputations, just
like that woman a few years earlier.
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With that scare, | got busy changing my diet
radically, adding and subtracting things most

of you would find almost assuredly shocking.
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| did this and lost 40 pounds, weirdly while
exercising less. |, as you can see, | guess I’'m not
overweight anymore. More importantly, | don’t have
insulin resistance.
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But most important, | was left with these three
burnmg quest|ons that wouldn’t go away:
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How did this happen to me if | was supposedly
doing everything right?
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If the conventional wisdom about nutrition had failed
me, was it possible it was failing someone else?
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And underlying these questions, | became almost
maniacally obsessed in trying to understand the real
relationship between obesity and insulin resistance.
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Now, most researchers believe obesity is the cause
of insulin resistance.
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Logically, then, if you want to treat insulin resistance,
you get people to lose weight, right? You treat the
obesity.

Tnemssnzuan 5q@mr?”mqmﬁﬂmmq:g@ﬁi@?ﬁuﬁg'ﬁu
Al viruasinonin Toviseliniu Genmuindaine
Tandau

But what if we have it backwards? What if obesity

isn’'t the cause of insulin resistance at all? In fact,

what if it's a symptom of a much deeper problem,

the tip of a proverbial iceberg?
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| know it sounds crazy because we'’re obviously in
the midst of an obesity epidemic, but hear me out.
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What if obesity is a coping mechanism for a far more
sinister problem going on underneath the cell?
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I’m not suggesting that obesity is benign, but

what | am suggesting is it may be the lesser of

two metabolic evils.
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You can think of insulin resistance as the reduced
capacity of our cells to partition fuel, as | alluded to
a moment ago, taking those calories that we take in
and burning some appropriately and storing some
appropriately.
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When we become insulin-resistant, the homeostasis
in that balance deviates from this state.
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So now, when insulin says to a cell, | want you to
burn more energy than the cell considers safe, the
cell, in effect, says, “No thanks, I'd actually rather
store this energy.”
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And because fat cells are actually missing most of
the complex cellular machinery found in other cells,
it's probably the safest place to store it.
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So for many of us, about 75 million Americans,

the appropriate response to insulin resistance may
actually be to store it as fat, not the reverse, getting
insulin resistance in response to getting fat.
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This is a really subtle distinction, but the implication
could be profound.
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Consider the following analogy: Think of the bruise
you get on your shin when you inadvertently bang
your leg into the coffee table.
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Sure, the bruise hurts like hell, and you almost
certainly don't like the discolored look, but we all
know the bruise per se is not the problem.
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In fact, it's the opposite. It's a healthy response

to the trauma, all of those immune cells rushing

to the site of the injury to salvage cellular debris

and prevent the spread of infection to elsewhere

in the body.
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Now, imagine we thought bruises were the problem,
and we evolved a giant medical establishment and
a culture around treating bruises: masking creams,
painkillers, you name it, all the while ignoring the
fact that people are still banging their shins into
coffee tables.
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How much better would we be if we treated the
cause -- telling people to pay attention when they
walk through the living room -- rather than the effect?
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Getting the cause and the effect right makes all the
difference in the world.
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Getting it wrong, and the pharmaceutical industry
can still do very well for its shareholders but nothing
improves for the people with bruised shins. Cause
and effect.
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So what I'm suggesting is maybe we have the cause
and effect wrong on obesity and insulin resistance.
[ % ij/ QI dl o o @A o G| P2
fatiueanaunnaaaziueiae Suenaidulylfan

o A oy = y
L?ﬂﬂﬁd’]sﬁx‘}LMIZ}LL@:?N@V]1NQTW]@<1 Tusaslsatauilay

3

Tsannzhasiadunau

Maybe we should be asking ourselves, is it possible
that insulin resistance causes weight gain and the
diseases associated with obesity, at least in most
people?
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What if being obese is just a metabolic response to
something much more threatening, an underlying
epidemic, the one we ought to be worried about?
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Let’s look at some suggestive facts. We know that 30
million obese Americans in the United States don’t
have insulin resistance.
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And by the way, they don’t appear to be at any
greater risk of disease than lean people.
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Conversely, we know that six million lean people in
the United States are insulin-resistant, and by the
way, they appear to be at even greater risk for those
metabolic diseases | mentioned a moment ago than
their obese counterparts.
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Now | don’t know why, but it might be because,

in their case, their cells haven’t actually figured

out the right thing to do with that excess energy.
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So if you can be obese and not have insulin
resistance, and you can be lean and have it, this
suggests that obesity may just be a proxy for

what’'s going on.
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So what if we're fighting the wrong war, fighting
obesity rather than insulin resistance?
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Even worse, what if blaming the obese means
we're blaming the victims?
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What if some of our fundamental ideas about obesity
are just wrong?

b a dy dl v ?:/ s [
mummmwugmmmm aalsaaauiy Sl
LW&NWJ’]MQ@W@’]@@'%

Personally, | can’t afford the luxury of arrogance
anymore, let alone the luxury of certainty.
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| have my own ideas about what could be at the
heart of this, but I'm wide open to others. Now,
my hypothesis, because everybody always asks me,
is this.
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If you ask yourself, what's a cell trying to protect
itself from when it becomes insulin resistant, the
answer probably isn't too much food. It's more likely
too much glucose: blood sugar.
fARINAaLedn iadneneNazUnilegmaiues
] ¥

anazls Wastuiulsaninsheseduau Aney

1 1 dl a 1 [
Taitiazfli evnsunninuly m%Lﬂuﬂ@ﬁﬂm
a a , % ot
Aunfuly wu danaluiaens

Now, we know that refined grains and starches
elevate your blood sugar in the short run, and there’s
even reason to believe that sugar may lead to insulin
resistance directly.
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So if you put these physiological processes to work,
I'd hypothesize that it might be our increased intake
of refined grains, sugars and starches that's driving
this epidemic of obesity and diabetes, but through
insulin resistance, you see, and not necessarily
through just overeating and under—exermsmg
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When | lost my 40 pounds a few years ago, | did it
simply by restricting those things, which admittedly
suggests | have a bias based on my personal

experience.
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But that doesn’t mean my bias is wrong, and most
|mportant all of this can be tested smenhﬁcally
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But step one is accepting the possibility that our
current beliefs about obesity, diabetes and insulin
resistance could be wrong and therefore must
be tested.
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I’'m betting my career on this. Today, | devote

all of my time to working on this problem, and I'll go
wherever the science takes me. I've decided that
what | can’t and won’t do anymore is pretend |
have the answers when | don’t. I've been humbled
enough by all | don’t know.
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For the past year, I've been fortunate enough to
work on this problem with the most amazing team

of diabetes and obesity researchers in the country,
and the best part is, just like Abraham Lincoln
surrounded himself with a team of rivals, we've
done the same thing.
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We've recruited a team of scientific rivals, the best
and brightest who all have different hypotheses for
what’s at the heart of this epidemic.
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Some think it's too many calories consumed.

Others think it's too much dietary fat. Others

think it's too many refined grains and starches.
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But this team of multi-disciplinary, highly skeptical
and exceedingly talented researchers do agree on
two thmgs
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First, this problem is just simply too important to
continue ignoring because we think we know the
answer.
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And two, if we're willing to be wrong, if we're willing
to challenge the conventional wisdom with the best
experiments science can offer, we can solve this
problem.
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| know it's tempting to want an answer right now,
some form of action or policy, some dietary
prescription -- eat this, not that — but if we want
to get it right, we're going to have to do much
more rigorous science before we can write that
prescription.
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Briefly, to address this, our research program

is focused around three meta-themes, or questions.
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First, how do the various foods we consume

impact our metabolism, hormones and enzymes,
and through what nuanced molecular mechanisms?
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Second, based on these insights, can people make
the necessary changes in their diets in a way that’s
safe and practical to implement?
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And finally, once we identify what safe and

practical changes people can make to their diet,
how can we move their behavior in that direction

so that it becomes more the default rather than

the exception?
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Just because you know what to do doesn’t mean
you're always going to do it.
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Sometimes we have to put cues around people to
make it easier, and believe it or not, that can be
studied scientifically.
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| don’t know how this journey is going to end,
but this much seems clear to me, at least:
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We can’t keep blaming our overweight and diabetic
patients like | did.
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Most of them actually want to do the right thing, but
they have to know what that is, and it’s got to work.
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| dream of a day when our patients can shed

their excess pounds and cure themselves of
insulin resistance.
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Because as medical professionals, we've shed
our excess mental baggage and cured ourselves
of new idea resistance sufficiently to go back to our
original ideals: open minds, the courage to throw
out yesterday’s ideas when they don’t appear to be
working, and the understanding that scientific truth
isn’t final, but constantly evolving.
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Staying true to that path will be better for our Sometimes | think back to that night in the E.R.
patients and better for science. seven years ago.
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If obesity is nothing more than a proxy for metabolic | wish | could speak with that woman again.
illness, what good does it do us to punish those I'd like to tell her how sorry | am.
with the proxy?
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