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Supplementary Figure 1. oCRTs capture unperturbed clonal dynamics in different PDX-

derived cells. 

a, Single-cell CNV analysis of PATC124 cells through 10x Genomics platform (n=3,511 cells). 

Columns indicate chromosome number. Red, copy number gain; blue, copy number loss; bottom, 

average CNV profile of all cells; right, clustering of detected subclones. b, Flow of barcode data 

processing, simulation and resampling bootstrap test for PATC124 oCRTs. c,d, Observed 

distribution of logit-transformed percentages of two PATC124 oCRT samples (mouse A (c) and B 

(d)) for all timepoints were combined (black line). At each timepoint, assuming one randomly 

picked mouse as A and another one as B. The simulated distributions for all timepoints were 

combined and shown in red. Assuming 𝑙𝑜𝑔𝑖𝑡(�̅�𝑡𝑖) = (𝑙𝑜𝑔𝑖𝑡(𝑝𝑡𝑖
𝐴) + 𝑙𝑜𝑔𝑖𝑡(𝑝𝑡𝑖

𝐵))/2; 𝑙𝑜𝑔𝑖𝑡(𝑝𝑡𝑖
𝐴) =

𝑙𝑜𝑔𝑖𝑡(�̅�𝑡𝑖) +
𝜖𝑡𝑖

2
, 𝑙𝑜𝑔𝑖𝑡(�̃�𝑡𝑖

𝐵) = 𝑙𝑜𝑔𝑖𝑡(�̅�𝑡𝑖) −
𝜖𝑡𝑖

2
 and 𝜖𝑡𝑖 ∼ 0.2 × 𝑁(�̂�1, �̂�1

2) + 0.6 × 𝑁(�̂�2, �̂�2
2) +

0.2 × 𝑁(�̂�3, �̂�3
2), timepoint t = day 0 or 4, 6, 10 or 14 weeks; barcode i = 1,…,N; e, Left: metastatic 

organotropism of PATC69 transplanted mice. After three months, livers and lungs were collected 

for gross anatomical analysis (upper quadrants) and histological analysis (lower quadrants) (Scale 

bar = 200 μm). Right: clonal correlation among PATC69 orthotopic clonal replica tumors (oCRTs) 

at different time points. Top, paired barcoded lineages shared by primary tumors at each time point 

and their relative representation (%) of tumor mass; middle, set of 229 barcodes common to all 

tumors and their relative representation (%) of tumor mass; bottom, scatter plots displaying 

representation of individual lineages derived from n = 2 tumors collected at each time point (red, 

set of common clones). f, Left: metastatic organotropism of PATC108 transplanted mice. After 

three months, livers and lungs were collected for gross anatomical analysis (upper quadrants) and 

histological analysis (lower quadrants) (Scale bar = 200 μm). Right: clonal correlation among 

PATC108 oCRTs at different time points. Top, paired barcoded lineages shared by primary tumors 

at each time point and their relative representation (%) of tumor mass; middle, set of 1240 barcodes 

common to all tumors and their relative representation (%) of tumor mass; bottom, scatter plots 

displaying representation of individual lineages derived from n = 2 tumors collected at each time 

point (red, set of common clones). 
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Supplementary Figure 2. Different pancreatic cancer models show ACD during tumor 

expansion 

a, Clonal dynamics of lowly represented PATC124 clones. Each line represents growth dynamics 

of an individual barcode. b-d, Barcode analysis of n = 2 PATC69 (b), PATC108 (c) and KPC (d) 

tumors per timepoint was weighted smoothed and normalized to injected samples. Barcodes were 

grouped into discrete dynamic growth patterns (clusters) and plotted as percent of total tumor over 

time (colored lines). On the right of each line, the numbers outside brackets indicate the cluster 

name, and numbers within brackets indciate the number of barcodes within the cluster. e, Venn 

diagram of the number of clones detected in the primary tumor, liver, and lungs of PATC124 at 

least at one time point. f, Dynamic growth of PATC124 subclones in the primary tumor (blue) 

overlaid with their behavior in the liver (red).  
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Supplementary Figure 3. PDX-derived models exhibit distinct organotropisms 

a,b, Venn diagram of the number of clones detected in the primary tumor, liver, and lungs of 

PATC69 (a) and PATC108 (b) at least at one time point. c,d, Dynamic subclonal growth of PATC69 

(c) and PATC108 (d) in liver and lung. Cell number at each time point is converted based on spike-

in scales. Lineage behavior was grouped into discrete dynamic growth patterns (clusters) over 

time. The numbers outside the brackets indicate the cluster name, and the number within the 

brackets indicate the exact number of barcodes within the cluster (darker colors are associated with 

larger number of barcodes within the cluster). e-g, Liver and lungs from PATC124 (e), PATC69 (f) 

and PATC108 (g) mice at 14 weeks were harvested and stained with anti-HLA (magenta) and anti-

Ki67 (yellow). Cell nuclei were stained with DAPI (blue). Scale bar=100 µm for PATC124; scale 

bar=50 µm for PATC69 and PATC108. 
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8548_14515

9201_7635

14260_7735

10568_9479

10015_15694

14710_15185

5215_11477

4941_2837

9237_1290

1143_3266

13474_9992

5061_14936

9685_1233

5008_1457

11635_5098

3222_5006

9762_11194

6193_12706

4055_2360

11431_15139

13939_10355

5444_14550

15698_8613

13634_16221

15915_3873

6945_13658

10068_6978

13658_15291

2872_2840

3559_13340

12574_2888

5537_2911

7751_8641

4347_408

7442_9943

2358_13678

9744_11875

15598_8655

5351_1323

3751_589

7985_7094

10869_9352

93_6516

5819_6411

3374_11473

11906_12442

9825_14066

5572_6452

5946_6720

6257_5847

4715_3947

104_4513

7393_13459

2871_5698

14583_3173

14503_5952

8849_463

12139_11206

357_12816

1389_6405

1908_5485

13300_1522

14886_10353

8693_11839

5157_7393

7213_13398

11778_11805

10078_5427

15334_3869

22_10104

12091_5259

13093_15206

1086_5138

4327_7463

8732_2389

4682_6666
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3390_16245
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13351_2803
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13574_16359

8590_11277

3151_13726

1849_9053

9803_9345

3549_5992

3522_8336

10821_12055

13569_7046

5491_6551

14630_11059

15821_9844

9951_15127

1791_7000

9320_3153

11588_545

1896_9941

6433_4389

512_1885

14175_2960

10533_8331

8791_10561

8339_4006

9227_2170

11796_5346

8881_10009

4362_8769

2186_11107

6949_13611

1592_6046

13546_15969

7889_9025

15167_15350

667_11125

2883_2075

15290_3428

7261_9501

9749_13361

11313_1259

8705_382

9219_10105

1471_14666

14702_2936

8593_3939

4837_1552

9591_11899

3424_10660

8115_9767

7722_10035

2984_14149

12726_5259

5800_3189

5537_1880

4921_320

13848_5792

8596_13493

1902_13657

1664_376

1454_7782

16351_12881

5534_13471

9055_8480

12666_9466

15894_8712

4141_13463

12314_12065

1861_13857

5364_8635

9425_3429

14189_4279

5349_15847

917_10571

12358_5499

9013_9323

1807_11391

9418_8951

536_4729

15062_5622

4069_4439

13579_11632

10212_8201

13456_11105

2471_7862

7488_7190

14459_15130

11345_2920

6739_6675

7265_3537

9559_888

12899_9581

8562_12653

10418_7886

9953_7520

7646_1561

15853_11111

2947_8965

11743_8421

9561_1911

8871_13811

5477_3814

1695_5029

4419_5296

6883_11841

8508_9349

1153_9025

15778_12533

2839_14021

11414_9360
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1179_6125

8880_5404

9466_2343
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13361_14472
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15059_11856

9026_16149

13868_5093

9651_14435

5673_7922

8675_6775
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8554_408

3525_4137

7303_4467

6757_14459
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8715_7859

12898_13644

12858_7723

2871_2746

15890_5054

5272_6959
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9999_1833

11267_4720

11866_16239

11176_13141
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9535_5993

12689_5444

9694_9286
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3751_3098

4232_5088
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1956_14768
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467_8911

5362_4997

11698_8383

9345_1298

9345_10085

6276_10710

14184_8751

4741_7909

9513_4674

3876_10341

15970_2971

13222_15139

13855_4499

13732_13186

14694_14968

4653_1621

4401_2347

15268_8959

3318_6920

12350_6977

12693_4208

11551_14232

2356_1649

6359_1654

5131_120

7007_10063

4487_12368

874_10266

14945_1027

11477_14994

9216_11630

2483_449
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11486_8517

311_4897

10603_14305

8003_14887

2619_12570

10739_12843

14696_2091

5481_15632

5147_9064

5471_4459

5414_14531

15127_15973

10583_10840

9084_4650

14435_289

14048_4433

5639_14967

9562_4335

6526_10062

10545_4810

11191_8996

16254_13953

10496_4251

15635_10309

7169_12672

2708_11893

12704_9709

1503_12788

3691_4636

5771_13499

12877_5147

14593_9787

6226_16199

8513_4353

9457_5844
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13489_5035
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9201_4051
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8715_8809
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8344_1535

5872_14134

9451_5402

7298_4022

4982_15151

31_15681

14971_829

5977_9524

8202_15668

3668_11152

2833_15435

4473_14193

11828_12287

5359_9311

9048_10842

9045_10626

8691_12078

11457_3298

10272_13718

6715_12139

5077_13443

2954_5281

10759_7681

8495_6472

13082_14198

6035_1175

121_4372

1448_9591

14712_3702

14123_1654

10683_7917

6532_5424

1370_1699

2929_14423

7239_4121

8208_2023

4976_4370

7509_4278

1373_11144

13397_1131

10186_13597

2580_12465

1561_885

8986_8328

12106_11731

3829_9655

405_13331

4957_4718

13397_12867

1382_9083

13718_12877

10368_11

9287_1353

160_7351

1517_6790

229_11358

3267_4465

6991_10315

12053_14411

16231_15763

9761_1297

3366_297

302_4429

15642_323

9935_1743

11698_10335

11032_13012

2928_1057

10151_11051

5838_15275

5640_1033

14152_3269

15542_15137

12994_5950

5603_13972

13431_13867

6058_15125

9739_13095

8854_8756

5209_11583

7501_9135

12819_1592

13335_10738

673_15219

3434_10864

7646_4184

4274_5573

3411_5652

8751_6074

12971_2614

14133_4934

9217_12925

12871_11634

15747_6099

10091_1951

10081_3102

10045_7013

13458_14523

1517_6958

9256_13831

15911_6978

10174_7968

7447_2595
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4455_9923
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10904_269

1742_9301

14293_1206

14881_11357

3189_13945
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7285_6528

11954_15706

8453_2356

8455_10225

2215_12621

1126_10739

7189_5451

2979_14161

6024_4962

5980_1326

6443_733
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323_12634
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11781_13653
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1190_5248
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9685_1233

15031_2483
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8842_8661

7621_4945

9391_2263

12359_7303

8951_619

9488_1952

2327_13625

10499_9360

7691_1526

10919_6642

1337_10282

5524_9463

13111_11188

4948_16219

4375_8277

1149_4842

1445_12893

3869_13169

7508_13826

9597_1329

15915_3873

10723_7783

14036_13128

5946_431

4643_13584

7406_8611

4666_5949

7805_4670

12475_11518

12779_2353

11095_5541

12829_13471

4769_8859

13003_8900

1771_12971

6946_15136

5940_8439

16097_3354

1652_7223

8517_5595

6984_14516

10356_15423

11172_5484

9775_5941

14394_6709

3361_6680
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9867_6743

4469_6667

3585_422

4909_5441

13745_8307
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14309_5344

15683_4405

9044_3746

5563_14736

2278_6288

4649_15981

1956_3303

7009_14719

2593_15823

14852_12603

11575_15205

12087_9341

9973_6586

1597_8911

7786_7483

1610_14225

14608_2574

2648_10057

4532_10499

11473_12642

10132_5834

3667_3699

13361_9501

14061_10159

4779_5010

6475_5039

8767_2178

410_15248

14422_11717

166_13281

11796_5346

5491_6551

4790_8363

5695_14117

13617_2939

5701_9943

14414_13511

12117_8317

9351_7966

16214_6048

9797_8417

9910_10241

7859_9755

4768_14209

7700_5109

10904_5199

7223_5965

536_4729

11313_13711

9889_5904

10150_9839

4469_10073

8657_11361

1171_4692

10112_10559

10068_6978

6810_14522

8792_10342

14227_1239

10000_10806

10919_5969

9194_3174

3355_8662

392_1313

2416_1917

10759_10722

5959_5901

9349_11837

12706_13341

6710_11619

13057_7466

11134_12843

913_4570

5317_12696

5262_4948

637_11035

13738_13224

10549_13648

5478_1613

4101_5633

14391_12417

2578_4811

9494_14159

12577_8177

9762_11194

14165_12417

8638_13865

198_1625

12601_85

5713_7471

9697_8843

12950_6842

14755_376

14480_1200

3751_589

7013_13998

11811_12750

4112_7488

14583_3173

1648_8891

15598_8655

12119_7222

4498_13925

7490_529

7958_15671

11043_11520

10395_6705

539_4258

2738_8387

15240_8203

13634_16221

8929_9956

8802_174

7123_14515

1951_13457

4055_2360

5946_6720

6375_8285

7442_9943

10082_3077

13939_10355

2199_1930

1150_1680

5646_5807

4990_13990

4274_1043

10290_5824

14776_5412

10767_14411

5824_13573

5087_10627

15226_12651

11431_15139

7266_2405

1908_5485

10334_9481 W
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13726_13765

8294_8689

13021_279

5169_11010

5670_11671

13297_10037

13098_1669

1893_9691

6725_16226

5480_16115

12135_4413

437_14182

10679_9691

9731_9566

15187_5248

1329_10567

11546_14731

9047_3444

3126_8195

13093_15206

11325_7706

3374_11473

9202_1297

5572_6452

468_14472

5215_11477

4966_1231

7943_11110

16002_15000

14886_10353

1143_3266

7985_7094

4962_13190

10723_12808

11035_3677

4127_6567

10015_15694

9257_8596

9206_14646

10376_12030

3885_13385

13881_4527

12958_9863

2933_16069

9109_6943

12899_1462

1896_9941

8267_4624

4157_3365

14260_7735

14311_9093

9798_7488

5351_1323

4971_10221

11550_13917

15334_3869

15891_14678

10821_12055

11778_11805

11009_1435

15647_6241

4715_3947

3901_6699

13474_9992

8070_7027

9938_6150

7389_7216

9111_5925

5445_6280

4212_9169

8596_13493

10008_317

7751_8641

2871_8854

5611_15616

13300_1522

512_1885

9300_4380

6534_2660

1086_5138

8965_1632

8705_382

15585_7006

6004_2823

5031_597

2358_13678

9553_14163

4327_7463

3151_13726

13574_16359

4362_8769

12029_9431

9225_7543

191_9942

325_2366

16097_2015

3222_5006

9084_12051

8339_4006

10194_10072

1334_9752

12091_5259

4682_6666

8446_9474

13658_15291

9321_6823

3390_16245

9237_1290

11635_5098

4223_14112

650_1277

4822_11399

1389_6405

5960_7395

14087_13487

6433_4389

8887_14357

5444_14550

357_12816

4919_11602

9201_7635

4347_408

5061_14936

5537_2911

3431_14567

3794_13067

3549_5992

8548_14515

12758_4978

5819_6411

13097_6984

10584_12515

10869_9352

14235_6496

2871_5698

10533_8331

8115_9767

8881_10009

7213_13398

7261_9501

12943_487

11099_3860

9749_13361

10078_5427

2186_11107

9803_9345

11906_12442

9320_3153

4941_2837

8693_11839

11486_8517

4769_14055

4373_5426

1825_12148

4275_6560

11313_1259

16351_12881

4837_1552

14503_5952

7092_7757

4516_13182

5866_6163

6949_13611

9219_10105

9825_14066

8253_16055

9425_3429

10212_8201

8791_10561

15652_3955

15698_8613

12139_11206

10659_4581

8732_2389

13569_7046

667_11125

11146_14403

2720_13467

917_10571

1874_16310

15167_15350

3877_5781

22_10104

7722_10035

2471_7862

124_5986

5157_7393

11414_9360

13346_8540

7026_6117

9227_2170

4069_4439

7797_1876

14597_211

8880_5404

18_1043

12666_9466

2839_14021

11541_3269

5534_13471

3814_6011

4419_5296

14459_15130

7700_6931

8562_12653

2872_2840

5535_10579

15910_9120

12858_7723

8853_7334

8351_3693

11588_545

13546_15969

7488_7190

15059_11856

6883_11841

3559_13340

6739_6675

1861_13857

4741_7909

15890_5054

1592_6046

4921_320

1661_1791

6430_801

3431_14228

12006_13680

10379_1476

7393_13459

9951_15127

8454_15591

894_9007

1914_4421 W
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10470_3955

663_10314

3522_8336

6945_13658

5364_8635

7889_9025

13351_2803

6193_12706

2883_2075

13579_11632

1791_7000

12574_2888

5008_1457

12561_4279

5176_2375

13848_5792

12552_5409

10682_11814

13557_12888

12350_6977

7027_13833

8593_3939

3682_8478

14136_12571

5477_3814

4794_5147

14189_4279

10568_9479

1902_13657

12662_4241

11267_4720

10418_7886

9561_1911

5815_5897

12358_5499

3751_3098

9744_11875

11345_2920

14175_2960

1179_6125

8675_6775

2984_14149

7799_15685

13361_14472

2070_14192

2947_8965

824_5008

9559_888

8849_463

9013_9323

15821_9844

6963_4408

4141_13463

5635_14888

9457_5844

9651_14435

1156_10209

1432_9776

12872_9046

13222_15139

8590_11277

13489_5035

7559_12286

702_10103

6903_6150

5673_7922

9999_1833

9418_8951

10963_5496

9201_4051

7826_9153

4813_981

14694_14968

15894_8712

5747_14731

1454_7782

5537_1880

1503_12788

15778_12533

12898_13644

7646_1561

15853_11111

9001_10367

4862_6475

13868_5093

9466_2343

14630_11059

311_4897

2356_1649

5272_6959

14089_8779

15290_3428

9026_16149

14702_2936

5872_14134

15062_5622

4401_2347

10496_4251

5481_15632

10739_12843

834_8985

1849_9053

7815_1619

15429_3747

5349_15847

3525_4137

1807_11391

950_3826

8019_2163

6276_10710

1153_9025

12127_8753

1664_376

12689_5444

1773_14188

10583_10840

9694_9286

5279_10279

3338_303
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Supplementary Figure 4. Clonal abundance is highly correlated with metastatic potential 

a, Heatmap of subclonal abundance (percentage) in the PATC124 primary tumor at weeks 4, 6 and 

10 with metastasis status (yes >200 tumor cells / no <200 tumor cells) at week 14. Quartiles are as 

defined in Fig. 2. Metastasis of each subclone is indicated on the left of each heat map in quartiles 

(yellow, no dissemination; blue, dissemination). b,c, Heatmap of average subclonal abundance 

(percentage) in the PATC69 (b) and PATC108 (c) primary tumors with metastasis status (yes >200 

tumor cells / no <200 tumor cells ) at week 14. Barcodes were divided into quartiles (0%–25%, 

25%–50%, 50%–75%, and 75%–100%) on the basis of their percent of total tumor mass. 

Metastasis of each subclone is indicated on the left of each heat map in quartiles (yellow, no 

dissemination; blue, dissemination).  d, Experimental workflow of parallel metastatic potential 

and LTSR studies. PATC124 cells were barcoded with a high-complexity barcode library at low 

MOI and selected with puromycin. The barcoded cells were minimally amplified to achieve 

uniformity across barcoded clones as well as cell number. After taking an aliquot for baseline 

barcode analysis, the barcoded cells were split in half for the two studies. For the metastatic 

potential study, n = 3 animals received orthotopic injection in the pancreas, and animals were 

euthanized after 3 months to collect primary tumor, liver, and lungs for NGS barcode analysis. For 

the LTSR study, n = 3 animals were injected in the F1 generation followed by serial transplantation 

into recipient animals every 1.5 months through F4 animals (total duration of study was 6 months). 

Primary tumors were collected for NGS barcode analysis from all animals in generations F1-F4.  
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Supplementary Figure 5. Genomic and functional characterization of isolated clones 

a, 6 PATC124 isogenic clones with differential metastasis potential and their parental population 

were submitted for WES to identify mutations in hallmark cancer genes. b, CNV profiling results 

from the 6 PATC124 isogenic clones and parental cells compared to a normal diploid genome. 

Data are shown in aberration plot (top, copy number gain in red and copy number loss in blue) and 

CNV plot (bottom; Log2 ratio; red lines indicate copy segments). c, Monoclonal primary tumor 

images of 2 metastatic (M-1 and M-2) and two non-metastatic (NM-2 and NM-3) PATC124 clones. 

d, MTT assay to evaluate effects of a range of memantine concentrations on viability of PATC124 

clones. Data are presented as mean ± SD of two independent experiments. e, Representative 

images of invasion assay of PATC124 M-1 metastatic clone grown with glutamate (NMDAR 

agonist) or memantine (NMDAR antagonist). Quantification of invaded cells per field is shown as 

mean ± SD of two independent experiments. Statistical significance was assessed using one-way 

ANOVA. Scale bar = 200 µm. f, PATC124 bi-clonal (M-1 and M-2) primary tumor weight of 

untreated control and memantine treated group as in figure 5h.  
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Supplementary Figure 6. scRNA-seq of different human pancreatic cancer cells 

a, The 100 most enriched and 100 most downregulated genes from transcriptomic analysis as in 

figure 5a were used to derive a pro-met signature. ScRNA-seq analysis of PATC124 cells (n = 

3,397) was used to identify clones with metastatic potential. b-d, Overview of all cell types profiled 

in the scRNA-seq cohorts as in Figure 6a-c. 
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