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b TALEM

............... 34-38 MONOMETS-=-mrmsmmsrmms= =z zzfpk

TALE coda
NG =T
HD=GC

M= A

NN = G/A
NK =G

NS = NG/TIC

LTPEQVVAIASHDGGKQALETVORLLPVLCQAHG
RVD

P T BRY B A A
Comparison of zinc-finger nuclease (ZFN) and Transcription
Activator-Like Effector Nuclease (TALEN) architecture. (a)
ZFNs. Each ZFN polypeptide consists of two functional domains, a
DNA-binding domain comprising a chain of finger modules (ZFs) that
each typically recognize a unique 3-base pair sequence of DNA and a
DNA-cleaving domain composed of the nuclease domain of the Fokl
nuclease. Fokl functions as a dimer, hence when two Fokl nucleases

bind to DNA proximal to one another they can dimerize and introduce
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a double-strand break. Targeted double-strand DNA cutting can be
obtained by designing zinc fingers for specific sequences that flank
the desired cleavage site; in the example 12 base pairs per ZEFN are
targeted with polypeptides containing four zinc-finger modules each
(ZF-1 through ZF-4 and ZF-5 through ZF-8). (b) Model of a TALEN. A
TAL Effector (TALE) polypeptide contains a series of typically 34-
amino acid repeats, of which residues 12 and 13 [repeat variable
diresidues (RVDs) shown in orange]| are responsible for recognition
of a specific base as shown in the box (note that there is some

discussion about the precision of the RVD NK recognition of ¢ and

other RVDs can specify base contactsGl). Fokl nuclease is fused to
the C-terminal end of the protein using wild-type TALE sequence as a
spacer. Several spacer lengths between the TALE binding core and
Fokl have demonstrated activity. The number of tandem 34-amino acid
repeats in the binding core defines the length of the recognition
sequence, and the end of the functional DNA-binding motif. Each

target sequence must be preceded by a T nucleotide. Two TALENs are
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shown to assemble on a genomic sequence in the opposite polarity to

ZFNs to form a heterodimeric cleavage complex.

GBI IRIB A — B SR, X P BOR B U R B — 87 B 57 DNA
FRERLATE AR, BN NRFEF I TERRIE O X SRR IR0 B 9105040
B¢, DNA 254 XF1 DNAY)EIX © 53X TALEN 38 AR @il 3% A A RNA OB 2R [ Y
DNAZE& X, SXEERT DUERAR R KE L (Fl& RNA LLEHRASZL) - Cas9iXa&—fk
SRIAEEE B R 8, A V)% DNA BIZHEE o IFF A G B e i Ff RNAs @ive, — Pl 24
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Genomic Cruise Missiles

This year, genome engineers got their hands on some potentially powerful new tools
that promise to put the modification of DNA within easy reach of biologists studying a
variety of organisms, including yeast and humans. One of these tools, called TALENSs (for
“transcription activator-like effector nucleases”), can destroy or alter specific genes in
zebrafish, Xenopus toads, and livestock. A TALEN is a protein that cuts DNA in specific
places, and the ensuing repair modifies the target gene. One group of researchers used
the technique to create a miniature pig useful for studying heart disease. Others are
modifying the genomes of rats, crickets, and even human cells from patients with
disease. Crystal structures of these effector proteins attached to DNA have revealed
how the proteins find their targets. And at least three teams have come up with a way
to make many of these proteins fast and cheaply. This progress has prompted more
investigators to give this approach a try.

Such a boom in genome engineering was unthinkable just a few years ago. For most
higher organisms, changing or deleting DNA has generally been a hit-or-miss
proposition. Researchers could not readily control where an added gene would insert
itself into a genome or which DNA they delete in so-called knockout experiments. As a
result, pinpointing what specific genes do and correcting disease genes in people have
posed major challenges.

CREDIT: COURTESY OF RECOMBINETICSA decade ago, a new technology called zinc
finger nucleases provided a way to target specific genes. Researchers leaped to develop
this tool. But zinc fingers proved difficult to make, and one company holds all the key
patents. So excitement swelled again in 2009, when two teams discovered a one-to-one
correspondence between the repetitive regions of transcription activator-like effector
proteins and the DNA bases they attach to, thus providing a new way to target genes. In
2012, studies drove home that TALENs work as well as zinc fingers do but are far easier
and cheaper to make. Some researchers now think TALENs will become standard
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procedure for all molecular biology labs.

Meanwhile, another gene-targeting technology is beginning to make a name for itself.
One drawback of zinc finger nucleases, TALENs, and another genome-editing tool called
meganucleases is that they must be reengineered for each new DNA target. These
proteins have two parts: the DNA targeting section and the DNA-cutting section. The
new technology substitutes RNA—which is simpler to make than a piece of a protein—
for the DNA targeting section. It also makes use of a bacterial protein called Cas9, which
is part of a natural bacterial defense system called CRISPR, to do the cutting.
Researchers have shown in a test-tube that they can combine these two RNAs into a
single one that both matches the DNA target and holds Cas9 in place. Using this system,
they were able to cut specific target DNA, demonstrating the potential of Cas9 to work
like TALENs. Now, those researchers are trying this approach in organisms other than
bacteria, and other genome engineers are quite excited about their prospects,
suggesting that it may one day challenge zinc finger nucleases and TALENs as the core
genome engineering technology.

Genome Engineering
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100 55, Z A b 1 500 583101 .

BT X E AN 2012 4 3K SCHL A E A S 500 4 o

HRY fe 03K % of 164031

1. CHINESE ACAD SCi 22996 14.019
2. Zhejiang Univ 5727 3.491

3. Shanghai Jiao Tong Univ 5365 3.271
4. Peking Univ 5256 3.204

5. Tsing Hua Univ 4675 2.850

6. Cent S Univ 4326 2.637

7. Nanjing Univ 3974 2.423

8. Fudan Univ 3808 2.322

9. Sichuan Univ 3516 2.143

10. Shandong Univ 3407 2.077

11. SUN YAT SEN UNIV 3379 2.060

12. Huazhong Univ Sci & Technol 2997 1.827
13. Jilin Univ 2959 1.804

14. Univ Sci & Technol China 2779 1.694
15. Harbin Inst Technol 2758 1.681

16. Xian Jiaotong Univ 2526 1.540

17. Tianjin Univ 2470 1.506

18. Univ Hong Kong 2429 1.481

19. Dalian Univ Technol 2209 1.347

20. Chinese Univ Hong Kong 2173 1.325
21. Tongji Univ 2132 1.300

22. Wuhan Univ 2100 1.280

23. Univ Calif System 1959 1.194

24, Southeast Univ 1914 1.167

25. Nankai Univ 1724 1.051

26. S CHINA UNIV TECHNOL 1721 1.049
27. Xiamen Univ 1697 1.035

28. Beihang Univ 1681 1.025

29. Hong Kong Polytech Univ 1678 1.023
30. Shanghai Univ 1595 0.972
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31. Lanzhou Univ 1574 0.960

32. Chongqing Univ 1569 0.957

33. City Univ Hong Kong 1569 0.957

34, China Agr Univ 1560 0.951

35. CHINESE ACAD MED SCI 1552 0.946
36. Beijing Normal Univ 1548 0.944

37. SOOCHOW UNIV 1531 0.933

38. E China Univ Sci & Technol 1473 0.898

39. Capital Med Univ 1385 0.844

40. Univ Elect Sci & Technol China 1378 0.840
41. Jinan Univ 1374 0.838

42. Chinese Acad Agr Sci 1308 0.797

43. Nanjing Med Univ 1216 0.741

44. Chinese Acad Med Sci Peking Union Med Co 1209 0.737
45, Beijing Inst Technol 1200 0.732

46. Hunan Univ 1191 0.726

47. E China Normal Univ 1144 0.697

48. Hong Kong Univ Sci & Technol 1133 0.691
49, Zhengzhou Univ 1098 0.669

50. Univ Sci & Technol Beijing 1091 0.665

51. NW POLYTECH UNIV 1090 0.665

52. Second Mil Med Univ 1090 0.665

53. China Univ Geosci 1069 0.652

54 NATL UNIV DEF TECHNOL 1038 0.633

ST R A RHLHTHE A KA, 2 A3 KT BL M e 512 2 2 S5

& 3% SCle X 5 500 22 AN

BAT e % of 1182810

1. Univ Calif System 30760 2.601

2. CHINESE ACAD SCI 22997 1.944
3. Harvard Univ 14708 1.243

4, HARVARD UNIV 13567 1.147

5. RUSSIAN ACAD SCI 10345 0.875
6. Max Planck Society 8426 0.712
7. Univ Toronto 7751 0.655

8. Univ Fed Santa Maria 7428 0.628

9. Imperial Coll London 7259 0.614

10. Univ Montreal 7194 0.608

11. Univ Michigan 7130 0.603

12. Univ Alberta 7059 0.597

13. Univ Tokyo 6964 0.589
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14,
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.
49.
50.
51.
52.
53.
54,

CSIC 6911 0.584

CNRS 6683 0.565

UNIV WASHINGTON 6558 0.554
UNIV SAO PAULO 6532 0.552
Stanford Univ 6308 0.533
Columbia Univ 6284 0.531
Seoul Natl Univ 6222 0.526
UNIV OXFORD 6096 0.515
Univ Penn 5840 0.494

Univ Wisconsin System 5728 0.484
Zhejiang Univ 5727 0.484
UNIV CAMBRIDGE 5647 0.477
Duke Univ 5592 0.473

JOHNS HOPKINS UNIV 5582 0.472
Univ Illinois System 5578 0.472
Shanghai Jiao Tong Univ 5368 0.454
Peking Univ 5256 0.444

Univ Pittsburgh 5136 0.434
Univ British Columbia 5126 0.433
UNIV MINNESOTA 5048 0.427
Pierre & Marie Curie Univ - Paris 6 5041 0.426
COLUMBIA UNIV 5031 0.425
Kyoto Univ 5026 0.425

DUKE UNIV 5015 0.424

UNIV MARYLAND 5001 0.423

UCL 4951 0.419

Cornell Univ 4940 0.418

SUNY System 4927 0.417

Yale Univ 4899 0.414

Univ Copenhagen 4869 0.412

Univ Sydney 4832 0.409

Tsing Hua Univ 4676 0.395
Univ Florida 4670 0.395

Univ Melbourne 4646 0.393
Mayo 4549 0.385

UNIV N CAROLINA 4528 0.383
McGill Univ 4515 0.382

Natl Taiwan Univ 4499 0.380
Ohio State Univ 4469 0.378

MIT 4384 0.371

Cent SUniv 4326 0.366
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55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
95.

UNIV QUEENSLAND 4214 0.356
NATL UNIV SINGAPORE 4177 0.353
NORTHWESTERN UNIV 4168 0.352
ISLAMIC AZAD UNIV 4149 0.351
Sapienza Univ Rome 4137 0.350
UNIV COLORADO 4109 0.347

Osaka Univ 4001 0.338

Tohoku Univ 3979 0.336

Nanjing Univ 3974 0.336

Univ Munich 3902 0.330

Penn State Univ 3887 0.329

Fudan Univ 3808 0.322

MONASH UNIV 3769 0.319

UNIV MANCHESTER 3751 0.317
Karolinska Inst 3746 0.317
CORNELL UNIV 3741 0.316

Ghent Univ 3721 0.315

Ruprecht Karl Univ Heidelberg 3687 0.312
WASHINGTON UNIV 3680 0.311

Univ Amsterdam 3626 0.307

Tehran Univ Med Sci 3622 0.306
Catholic Univ Leuven 3537 0.299
INDIAN INST TECHNOL 3528 0.298
Sichuan Univ 3517 0.297

Tech Univ Munich 3489 0.295

Texas A&M Univ College Stn 3463 0.293
Yonsei Univ 3454 0.292

Shandong Univ 3407 0.288

SUN YAT SEN UNIV 3385 0.286
Univ Fed Rio Grande Sul 3381 0.286
Univ Zurich 3381 0.286

Univ Helsinki 3352 0.283

PRES Univ Lyon 3349 0.283

NYU 3306 0.280

UNIV NEW S WALES 3306 0.280
Vanderbilt Univ 3304 0.279

EMORY UNIV 3300 0.279

Univ Edinburgh 3279 0.277

TEXAS AM UNIV 3278 0.277

Univ Milan 3236 0.274

Helmholtz Association 3228 0.273
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96. Univ So Calif 3203 0.271

97. Univ Chicago 3199 0.270

98. Univ Padua 3169 0.268

99. Lomonosov Moscow State Univ 3139 0.265
100. Univ Barcelona 3127 0.264

101. Indiana Univ 3119 0.264

102. Lund Univ 3115 0.263

103. Univ Groningen 3110 0.263

104. UNIV PARIS 11 3108 0.263

105. CNR 3091 0.261

106. Univ Alabama System 3089 0.261

107. Aarhus Univ 3088 0.261

108. Univ Texas Austin 3080 0.260

109. Univ Arizona 3078 0.260

110. MASSACHUSETTS GEN HOSP 3077 0.260
111. Radboud Univ Nijmegen 3076 0.260
112. NANYANG TECHNOL UNIV 3070 0.260
113. Boston Univ 3064 0.259

114. Univ Paris Diderot - Paris VII 3046 0.258
115. Leiden Univ 3043 0.257

116. Czech Acad Sci 3031 0.256

117. Korea Univ 3018 0.255

118. Purdue Univ 3017 0.255

119. Huazhong Univ Sci & Technol 3013 0.255
120. Univ Aix-Marseille 2972 0.251
121. Tel Aviv Univ 2971 0.251

122. VU Univ Amsterdam 2962 0.250

123. INSERM 2960 0.250

124. Jilin Univ 2959 0.250

125. Univ Bologna 2905 0.246

126. Caltech 2902 0.245

127. UTMD Anderson Canc Ctr 2891 0.244
128. UNIV MASSACHUSETTS 2886 0.244
129. SUNGKYUNKWAN UNIV 2860 0.242
130. Univ Bristol 2859 0.242

131. Kyushu Univ 2851 0.241

132. UNIV UTAH 2832 0.239

133. Univ Sci & Technol China 2823 0.239
134. UPPSALA UNIV 2819 0.238

135. Univ Newcastle 2819 0.238

136. Nagoya Univ 2801 0.237
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137.
138.
139.
140.
141.
142.
143.
144,
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.
161.
162.
163.
164.
165.
166.
167.
168.
169.
170.
171.
172.
173.
174.
175.
176.
177.

UNIV TEXAS MD ANDERSON CANC CTR 2801 0.237
Harbin Inst Technol 2758 0.233

POLISH ACAD SCI 2749 0.232

Charite Med Univ Berlin 2742 0.232
Univ Oslo 2716 0.230

Michigan State Univ. 2715 0.230
McMaster Univ 2714 0.229

Univ Estadual Paulista 2684 0.227

UNIV WESTERN AUSTRALIA 2680 0.227
UNIV NACL AUTONOMA MEXICO 2676 0.226
Hokkaido Univ 2661 0.225

BRIGHAM WOMENS HOSP 2649 0.224
Queens Univ 2640 0.223

Charles Univ Prague 2617 0.221

Univ Southampton 2611 0.221

Univ Paris Descartes - Paris V 2597 0.220
Cleveland Clin Fdn 2587 0.219
CHARLES UNIV PRAGUE 2564 0.217

JST 2562 0.217

Univ Calgary 2551 0.216

UNIV TENNESSEE 2546 0.215

ETH 2544 0.215

Univ Birmingham 2527 0.214

Xian Jiaotong Univ 2526 0.214

Univ Geneva 2525 0.213

Univ Belgrade 2505 0.212

Tianjin Univ 2470 0.209

Univ Athens 2466 0.208

Univ Autonoma Barcelona 2463 0.208

Univ lowa 2459 0.208

Georgia Inst Technol 2453 0.207

Univ Hong Kong 2430 0.205

Natl Cheng Kung Univ 2420 0.205

Oregon HIth Sci Univ 2394 0.202

Rutgers State Univ 2388 0.202

Univ Estadual Campinas 2381 0.201
NCI 2376 0.201

KING SAUD UNIV 2362 0.200

Consejo Nacl Invest Cient & Tecn 2358 0.199
Univ Liverpool 2353 0.199

Univ Nottingham Malaysia 2353 0.199
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178.
179.
180.
181.
182.
183.
184.
185.
186.
187.
188.
189.
190.
191.
192.
193.
194,
195.
196.
197.
198.
199.
200.
201.
202.
203.
204.
205.
206.
207.
208.
209.
210.
211.
212.
213.
214.
215.
216.
217.
218.

Univ Porto 2344 0.198

CSIRO 2339 0.198

Univ Western Ontario 2302 0.195

RWTH Aachen Univ 2289 0.194
RUTGERS STATE UNIV 2284 0.193

Swiss Fed Inst Technol Lausanne 2283 0.193

Case Western Reserve Univ 2279 0.193
Univ Utrecht 2274 0.192

UNIVLYON 1 2264 0.191

Univ Rochester 2246 0.190

Univ Erlangen Nuremberg 2234 0.189
UNIV MIAMI 2222 0.188

Baylor Coll Med 2220 0.188
Princeton Univ 2216 0.187

Univ Bonn 2210 0.187

Dalian Univ Technol 2209 0.187
UNIV GLASGOW 2190 0.185

Chinese Univ Hong Kong 2187 0.185
Eberhard Karls Univ Tubingen 2182 0.184
BAYLOR COLL MED 2172 0.184
Hanyang Univ 2166 0.183

Univ Gottingen 2164 0.183

UNIV VIRGINIA 2163 0.183

Univ Missouri System 2143 0.181
Tongji Univ. 2132 0.180

Univ Turin 2130 0.180

UNIV SHEFFIELD 2126 0.180

CHINA MED UNIV 2123 0.179

TU Dresden 2120 0.179

Brown Univ 2111 0.178

N Carolina State Univ. 2111 0.178
Wuhan Univ 2100 0.178

N CAROLINA STATE UNIV 2096 0.177
Univ Bern 2095 0.177

Univ Texas SW Med Ctr Dallas 2094 0.177
Joseph Fourier Univ. 2090 0.177
UNIV LEEDS 2082 0.176

Univ Ottawa 2080 0.176

Wageningen Univ & Res Ctr 2075 0.175
Tokyo Inst Technol 2073 0.175
Univ Adelaide 2073 0.175
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219.
220.
221.
222.
223.
224,
225.
226.
227.
228.
229.
230.
231.
232.
233.
234.
235.
236.
237.
238.
239.
240.
241.
242,
243.
244,
245.
246.
247.
248.
249.
250.
251.
252.
253.
254,
255.
256.
257.
258.
259.

Univ Basel 2060 0.174

Univ Complutense Madrid 2057 0.174
Hebrew Univ Jerusalem 2056 0.174
Univ Nebraska System 2053 0.174
ACAD SINICA 2052 0.173

NASA 2050 0.173

Goethe Univ Frankfurt 2025 0.171

Univ Pisa 2025 0.171

KAIST 1998 0.169

Kyung Hee Univ. 1992 0.168

Univ Cincinnati 1990 0.168

INRA 1979 0.167

Maastricht Univ =~ 1978 0.167

ARS 1976 0.167

Mt Sinai Sch Med 1967 0.166

Univ Kentucky 1958 0.166

Johns Hopkins Univ 1948 0.165
lowa State Univ 1933 0.163

Tech Univ Denmark 1918 0.162
Southeast Univ. 1915 0.162

Univ Waterloo 1912 0.162

UNIV FLORENCE 1911 0.162

UNIV MED CTR UTRECHT 1909 0.161
Univ Freiburg 1895 0.160

Virginia Polytech Inst 1887 0.160
Mem Sloan Kettering Canc Ctr 1886 0.159
AUSTRALIAN NATL UNIV 1884 0.159
Univ Connecticut 1882 0.159

Arizona State Univ 1878 0.159
Johannes Gutenberg Univ Mainz 1868 0.158
UNIV FED RIO DE JANEIRO 1860 0.157
CTR DIS CONTROL PREVENT 1853 0.157
Med Univ Vienna 1852 0.157

Univ Auckland 1851 0.156

York Univ 1829 0.155

Univ Granada 1828 0.155

Univ Chile 1814 0.153

UNIV TEHRAN 1810 0.153

Univ Strasbourg 1810 0.153

UNIV VALENCIA 1806 0.153

Univ Tsukuba 1802 0.152
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260.
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268.
269.
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272.
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280.
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282.
283.
284.
285.
286.
287.
288.
289.
290.
291.
292.
293.
294.
295.
296.
297.
298.
299.
300.

Wayne State Univ 1797 0.152

Univ Naples Federico Il 1796 0.152
Ruhr Univ Bochum 1794 0.152
Aristotle Univ Thessaloniki 1785 0.151
CARDIFF UNIV 1784 0.151

Univ So Florida 1784 0.151

Delft Univ Technol 1778 0.150
Nankai Univ 1772 0.150

Univ Gothenburg 1763 0.149

Technion Israel Inst Technol 1750 0.148
LOUISIANA STATE UNIV 1745 0.148
Univ Fed Minas Gerais 1744 0.147

UNIV MALAYA 1742 0.147

Swiss Fed Inst Technol Zurich 1740 0.147
AgResearch 1737 0.147

UNIV TEHRAN MED SCI 1730 0.146
Univ Catholique Louvain 1728 0.146
Univ Georgia 1727 0.146

Tufts Univ 1722 0.146

S CHINA UNIV TECHNOL 1721 0.146
[ISC Banglore 1707 0.144

Univ Buenos Aires 1702 0.144
Univ Laval 1701 0.144

Xiamen Univ 1697 0.143

Univ Wurzburg 1694 0.143

Univ Cologne 1687 0.143

Kyungpook Natl Univ 1685 0.142
Beihang Univ 1681 0.142

Hong Kong Polytech Univ 1678 0.142
NATL INST ADV IND SCI TECHNOL 1672 0.141
Pusan Natl Univ 1666 0.141

UNIV TOULOUSE 1658 0.140

UNIV KANSAS 1656 0.140

Univ Autonoma Madrid 1649 0.139
Chang Gung Univ 1648 0.139

Univ Bergen 1647 0.139

ERASMUS MC 1645 0.139

Univ Vienna 1643 0.139

IST NAZL FIS NUCL 1642 0.139
Los Alamos Natl Lab 1628 0.138
Univ Munster 1628 0.138



4:.“’%‘/\%‘

301.
302.
303.
304.
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306.
307.
308.
309.
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323.
324.
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326.
327.
328.
329.
330.
331.
332.
333.
334.
335.
336.
337.
338.
339.
340.
341.

Yeshiva Univ 1627 0.138
Keio Univ 1625 0.137
NORTHEASTERN UNIV 1623 0.137
Isfahan Univ Technol 1609 0.136

Norwegian Univ Sci & Technol 1607 0.136

Univ Rome Tor Vergata 1603 0.136
SOOCHOW UNIV 1595 0.135
Shanghai Univ 1595 0.135
ARGONNE NATL LAB 1593 0.135
Hiroshima Univ 1592 0.135

Natl Yang Ming Univ 1588 0.134
UNIV OKLAHOMA 1586 0.134

Oak Ridge Natl Lab 1579 0.133
Hannover Med Sch 1577 0.133
Lanzhou Univ 1574 0.133

Karlsruhe Inst Technol 1572 0.133
City Univ Hong Kong 1570 0.133
Chongging Univ 1569 0.133

Univ Hamburg 1564 0.132
China Agr Univ 1560 0.132
Stockholm Univ. 1555 0.131

Univ Quebec 1553 0.131

CHINESE ACAD MED SCI 1552 0.131
Univ Manitoba 1552 0.131
Beijing Normal Univ 1548 0.131
Natl Acad Sci Ukraine 1543 0.130
Jagiellonian Univ 1541 0.130
UNIV HOSP 1537 0.130

Univ Ljubljana 1535 0.130
Univ Warwick 1535 0.130

Natl Chiao Tung Univ 1526 0.129
Univ Otago 1509 0.128

Colorado State Univ. 1507 0.127
Univ Cape Town 1505 0.127
Chonnam Natl Univ 1502 0.127
Univ Antwerp 1496 0.126
Wake Forest Univ 1492 0.126

Natl Tsing Hua Univ 1486 0.126
Univ Ulsan 1479 0.125

E China Univ Sci & Technol 1473 0.125
Oregon State Univ 1471 0.124
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343.
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345.
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347.
348.
349.
350.
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369.
370.
371.
372.
373.
374.
375.
376.
377.
378.
379.
380.
381.
382.

Univ Leipzig 1466 0.124

UNIV GENOA 1454 0.123

Univ New Mexico 1450 0.123

Univ So Denmark 1447 0.122

Univ Montpellier II 1436 0.121
Virginia Commonwealth Univ. 1436 0.121
Kings Coll London 1429 0.121

Univ Duisburg Essen 1419 0.120
Heinrich Heine Univ Dusseldorf 1414 0.120
Kobe Univ 1408 0.119

Jinan Univ 1407 0.119

Friedrich Schiller Univ Jena 1406 0.119
Istanbul Univ 1401 0.118

Dartmouth Coll 1397 0.118

Univ Zaragoza 1397 0.118

Univ Coimbra 1393 0.118

Univ Lausanne 1391 0.118

Capital Med Univ 1385 0.117

Univ Arkansas System 1385 0.117

Natl Inst Technol Karnataka 1378 0.117
Univ Elect Sci & Technol China 1378 0.117
Univ Pavia 1377 0.116

Okayama Univ 1373 0.116
Dalhousie Univ 1365 0.115

UNIV LONDON 1365 0.115

Univ Sains Malaysia 1365 0.115
King Abdulaziz Univ 1361 0.115
CHILDRENS HOSP 1356 0.115

US GEOL SURVEY 1355 0.115

Thomas Jefferson Univ 1354 0.114
USN 1346 0.114

Carnegie Mellon Univ 1344 0.114
POSTECH 1344 0.114

Univ Coll Dublin 1343 0.114

Univ Leicester 1342 0.113

Univ Libre Brussels 1342 0.113
Univ Liege 1339 0.113

NOAA (Natl Oceanic Atmospheric Admin) 1338
Hungarian Acad Sci 1337 0.113
Univ Basque Country 1336 0.113
Univ Turku 1331 0.113

0.113
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388.
389.
390.
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392.
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398.
399.
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404.
405.
406.
407.
408.
409.
410.
411.
412.
413.
414,
415.
416.
417.
418.
419.
420.
421.
422.
423.

Univ Kiel 1325 0.112

Univ Aberdeen 1324 0.112

Free Univ Berlin 1322 0.112

Univ Ulm 1319 0.112

UNIV BORDEAUX 1315 0.111
Eindhoven Univ Technol 1312 0.111
Ben Gurion Univ. 1309 0.111

Chinese Acad Agr Sci 1308 0.111
Univ Saskatchewan 1305 0.110
SWISS FED INST TECHNOL 1293 0.109
ECOLE POLYTECH 1290 0.109

Justus Liebig Univ Giessen 1290 0.109
Univ Guelph 1289 0.109

Univ Putra Malaysia 1289 0.109
Univ Lorraine 1287 0.109

Univ Sevilla 1284 0.109

Washington State Univ 1284 0.109
Umea Univ 1265 0.107

Konkuk Univ 1262 0.107

Polytech Univ Milan 1260 0.107

Univ Bari 1255 0.106

Univ Santiago De Compostela 1255 0.106
Med Univ S Carolina 1253 0.106
Chonbuk Natl Univ 1252 0.106
Univ Zagreb 1249 0.106

Cairo Univ 1247 0.105

Univ Polytech Valencia 1241 0.105

Univ S Carolina 1241 0.105

Univ Lisbon 1238 0.105

Linkoping Univ 1223 0.103

Univ Notre Dame 1221 0.103

Florida State Univ 1218 0.103

Nanjing Med Univ 1216 0.103

Univ Catania 1216 0.103

Univ Texas HIth Sci Ctr Houston 1216 0.103
NIST 1215 0.103

HUNGARIAN ACAD SCI 1214 0.103
Univ Rennes 1 1214 0.103

CEA 1212 0.102

Catholic Univ Sacred Heart 1211 0.102
Chinese Acad Med Sci Peking Union Med Co 1209

0.102
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424,
425.
426.
427.
428.
429.
430.
431.
432.
433.
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435.
436.
437.
438.
439.
440.
441.
442,
443,
444,
445,
446.
447,
448.
449,
450.
451.
452.
453.
454,
455.
456.
457.
458.
459.
460.
461.
462.
463.
464.

Amirkabir Univ Technol 1207 0.102
Univ Milano-Bicocca 1206 0.102

USDA (US Dept Agr) 1203 0.102

Univ Med Dent New Jersey 1203 0.102
CUNY System 1202 0.102

Beijing Inst Technol 1200 0.101

UNIV DURHAM 1200 0.101

QUEEN MARY UNIV LONDON 1197 0.101
Hunan Univ 1191 0.101

Univ Perugia 1187 0.100

INDIANA UNIV SCH MED 1185 0.100
Univ Delaware 1185 0.100

Catholic Univ Korea 1182 0.100

Bhabha Atom Res Ctr 1173 0.099
Hacettepe Univ. 1172 0.099

Univ Nantes Angers Le Mans 1170 0.099
Weizmann Inst Sci 1157 0.098

Univ Tecn Lisbon 1156 0.098

Univ Witwatersrand 1156 0.098

Tech Univ Berlin 1153 0.097

Trinity Coll Dublin 1152 0.097

Swedish Univ Agr Sci 1149 0.097
Chungnam Natl Univ 1146 0.097
HUMBOLDT UNIV 1146 0.097

Simon Fraser Univ 1145 0.097

CSIR 1144 0.097

E China Normal Univ 1144 0.097

Curtin Univ Technol 1137 0.096

Sharif Univ Technol 1137 0.096

CHIBA UNIV 1135 0.096

Hong Kong Univ Sci & Technol 1133 0.096
Mahidol Univ 1130 0.096

George Washington Univ 1128 0.095
BETH ISRAEL DEACONESS MED CTR 1125 0.095
Univ Texas HIth Sci Ctr San Antonio 1125 0.095
Univ Aveiro 1124 0.095

Philipps Univ Marburg 1123 0.095

UNIV NOTRE DAME 1123 0.095

UNIV FED SAO PAULO 1119 0.095

Inha Univ 1113 0.094

USA 1106 0.094
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465. Dana Farber Canc Ctr 1105 0.093

466. Julich Res Ctr 1103 0.093

467. RIKEN 1100 0.093

468. Univ Twente 1098 0.093

469. Zhengzhou Univ 1098 0.093

470. Univ East Finland 1097 0.093

471. GEORGE WASHINGTON UNIV 1094 0.092
472. TARBIAT MODARES UNIV 1094 0.092
473. AARHUS UNIV HOSP 1091 0.092

474. Univ Sci & Technol Beijing 1091 0.092
475. NIH 1090 0.092

476. NW POLYTECH UNIV 1090 0.092

477. Second Mil Med Univ 1090 0.092

478. UNIV EXETER 1090 0.092

479. Vienna Univ Technol 1089 0.092

480. Med Coll Wisconsin 1085 0.092

481. NATL CENT UNIV 1073 0.091

482. Chalmers Univ Technol 1071 0.091

483. Rice Univ 1071 0.091

484. China Univ Geosci 1069 0.090
485. Univ Polytech Catalunya 1069 0.090
486. Univ Regensburg 1067 0.090

487. Scripps ResInst 1059 0.090

488. PRES Univ Lille Nord De France 1058 0.089
489. PONTIFICIA UNIV CATOLICA CHILE 1057 0.089
490. THOMAS JEFFERSON UNIV 1057 0.089
491. Univ Houston 1054 0.089

492. Aalto Univ 1051 0.089

493. JAPAN SCI TECHNOL AGCY 1051 0.089
494, Univ Polytech Madrid 1050 0.089

495. Univ Hannover 1049 0.089

496. KOREA INST SCI & TECH 1048 0.089
497. Univ Siena 1046 0.088

498. NATL INST MAT SCI 1044 0.088

499. INST PASTEUR 1043 0.088

500. Natl Chung Hsing Univ 1043 0.088

(SRHEELE (A
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THREESEREEL, e EWE THIRRS  FRER - IR S5
FRFF < E £ B4 H R OHIFIE -
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“Botd, EREIFTRA], EEENEAINEEMESK, FATREIDOF, Bl e
B T—E LR, AR R mE ! " RO E, AR RS R
THIHEHI & -
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(EEHF22E) (Notices of the AMS) AEEELLAE 9 HS5M 10 A5 LHIAAZikC
B, [T EFEEEREEAN ~ "R LA RS- 28RS (Benoit
Mandelbrot) HUE-TIRE, JFmEIFM it hBRl2 & BIEL T ERTTER -

SR ATB O T 57

1924 5 11 H 20 H, (A5 - S18/RAA S H A TR =480 — DAL 58I RAKEE © &
RERAMAR, BREFPHEL - BT HNBEEIK, eyl aresE, Zr#E R
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THETTIE D Z ML T — (s o BRIt DL RIRE], NES BT AR, &R
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SRS 1948 FRFEE NN B TEFERT 2200, 1952 FIREB AR L2207 o Bl
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PR BEEEFARIESERE  EER, BRFREF A S RO E R B 7 5
RI, EEEREARS A MR -

S el ~ [BRE SR AU CNERER U 22) AR, 28RS AliE T —Mak
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FORIFT e — V)RR T Horp . HEH Rl M — A M & FEE B - SRSAT A
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ST UL, MIGL RSN, EREN AN ENAE EFFEIFESRNETE, RRE—
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IR AR RRIECE K, MIT ) T BRI E S o B S AR AN EIE B Y
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Honezs, BEIRI AR, 10 A ETCiEHIWT B AU AEALR 5 R, RIFREEANZE
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FERAEDEILL AT - IS EVRMEEE CRERNSEILRED) —FFEE: "mRle
BRIERY, WIASEHEER), REAERETER, WA AZIERR, WHEEAE—FELE "

R F A, AT E S A =4, “FHESERE AR 4k, MiC B s
B4 o ] DURINHE ™, ISR T4, B rf DISI AR E, A8 >0 T 5
HEEL o SR, U2 O R R DU 8, FREDy 0 RUE (RIFR 0 4E) 5 o042 0 TERY
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AEME— R (FYE) ; WBOTHREME, BTl 7 — P EREER (=40, Bl —2. gE
THRT (40 BEBRAN, 87 URR T =R, =4ERIHE ST R —4ERD AT 4E -

TREIEN A BeE R R ol - ZEHTE K (Felix Hausdorff) £ 1919 42 H T 407 (A
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R, =R S WA 0 TR SO SEnE REEOR T 85 THRIMER &S -

120 80 SR "B LARE o EEYH A RITLE - EE) (John
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T
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FABRARIIAE T AN RAAFNSEI -
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FERLFT LIRAE T
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BENTEAIRMNEER B [X X #h i 7 SRR o R T AR RN, X Fh L RIFERZ D A
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DI IUAATERE ~ YBE ~ B2 2R S8 T 2N A, EENR
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BOREEIHIE T ~ HEERIEANAE £ - SR, AMTATLIERSZ £, JE5 I SRR K
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REH/NBIREB AL S, B WWLBCRBGTTREIN—H T4, ERARESOT SR INETE

BRJa—RINE, RERESE "NE” FHE/R M4 (Daniel White) F HFEHVE 712
N, @ REIEREREE GAEZEER T EIBR A — AT %, MATELZE
FHETR A A MEEERENR L, TR —HELE— e RATEE T, £
RPATIXATE QBB IR, AN BREEES —FrE) | &REQER —HS ABCIM L
HI = R E SR, XHBREERE (BR) REFH "2000 FEHAB2ER" Z—-

(SRR AR

Elie s
b—El. £ 1974 R )5, RE ~ EEMEARLHE T RUREESET, At AR

B8NS 5 5 00 BE U7 BE HBE 3R P
2009 FFE (BHAWMD) ful, WFFMANWETEEERCEHET 3.5 < R
—MBETIR 1 35T, WA MR EM T 3.5 1235 © YouTube A 39.600 3T BT HIF

HE A Rl A8 A

=

http://www.telegraph.co.uk/lifestyle/4412176/Rubiks—-Cube-

inventor-is—back-with-Rubiks-360.html (ZL[E% H i)

At ARBHFRABETRI BT EERNEEER, KR F?
RXEQF B EREIXMHER - LR L, XRNEE TR (BEFMEEE
B B3, IEITHXHANE -

(BT MEZER) B—9: BARXHLNE

http://v.163.com/special/cuvocw/mofangheshuxue.html
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http://www.telegraph.co.uk/lifestyle/4412176/Rubiks-Cube-inventor-is-back-with-Rubiks-360.html
http://blog.sciencenet.cn/blog-2321-648087.html
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B E BB AL TR ET T

G -F[7 (Theodore von Karman, 1881—1963), fHREHZXK;

% -iEfR2 (John von Neumann, 1903—1957), fHREZ%ERK -

G- RITEAF A RZAR R, EEERGE L0, ERETEE, 2REZEA
Bl BRI, T8 T BEEMERIBA AR 2 AR DU HAREOR SN . 0E
N AR IR E A

- BRI  E REEFELER SR TR R RS, 0TI EA S
AEZERL o

R E, & RITERT M REAREN, G- HFSENTHZES]—EE
B -

WG 5 MEFE R EPREEE KK, (h]E:

IRIRKH: Paul Erdés (1983) , Peter Lax (1987) , Lészlo Lovasz (1999) , Raoul
Bott (2000) ; Pa[J1/R%£. Endre Szemerédi (2012) o

DL ERRAR R, thhh, RZFAND T 13 i DUR RS E -

WEE LN TR EFIAE: Farkas Bolyai (1775—1856); Janos Bolyai
(1802—1860); Gyula Kénig (1849—1913); Jézsef Kiirschak (1864—1933);
Farkas Gyula (1847—1930); Lipét Fejér (1880—1959); Frigyes Riesz (1880—
1956); George P6élya (1888—1985) , % o

KT FRECERN TR, 51 TAEEE M COFFMBZARFMEZ)  (Hungarian
Arts and Sciences, 1848-2000) o

B 1 AN 25 Abel BT BG40 60 2F ARTER R X DU o
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B2 Abel H'E T MM BAMR K 11 T FEER
R R, U MIE IR AR, HEC U S UB AR

0 F R (SREoUL) MB¥EEE
PRI 4% SLE CREATING A CULTURE OF PROBLEM SOLVING F1Z1E Hungarian Arts

and Sciences (1848-2000) 147, WFFIMNMEBEIRZ EBWIEER, AN DELIECEH
BR o T He3EEE A Wl AR E HEER Q) 5 AT A T 15 E22 > $eemiE o
Budapest Semesters in Mathematics(BSM) & & | | N2 E AN E R AR B IIE I H -
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Budapest Semester in Math - A 15-week mathematics study abroad program in Budapest,
Hungary. Students take mathematics classes taught in English.

http://www.maa.org/students/undergrad/
http://www.budapestsemesters.com/
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M 1896 £EF] 1914 £, Laszl6 Ratz {T KoMaL 745 (High School Mathematics and Physics
Journal) T4 o JX A& — 7T )X $5 2 FN Y B A 55 R S AR A 22 A AV E A B T A
T 1894 4F, —HAFILE, A FAFHA LR PEEE MY EEIT, & 9 BiZAE
SCHRAVT AR o

Paul Erdés 725 7 F| Wi P RAVEUE R, A2 20 A HRHB RHIEFER o ETFTk, Paul
Erdés T 1983 FEFAEIR /R o Paul Erdés B &SIt 5L 485 ™ AANE, KTt 1475 B2EAR
W o
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B —HEBKT Paul Erdés FUFEFZICK T, @ H W N is a Number, 475 P ZA$H 1f Paul Erdés
)45, —ZARF% 7 My Brain Is Open, 55 —7~1544 1 The Man Who Loved Only Numbers, %[
& 10 A1 12 o ©
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PAEPIZRSE T Paul Erdés U AER . 6 TRZ AT - B, PaulErdés Y+
Z R EOS ~ HESMEIE, XM EQFF AL EREEFZNEEENE -

2009 7, REHEFSHRT AR, HEM (BREERNELIER) | FELE
/R4l (The Republic of Serbia)A—FF A% (UNIVERSITY OF NIS) AUEU##4% (Miodrag S.
Petkovic) , & 13 XA HAETH
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CHEREFERRELIRDY —F, NEESELIIET 62 i HEFHRAEER, HE
B—AL, ERAGIE (£91238—%291298) 3 BIFAIE =L, MifiT&:
George Polya (1888 — 1985), H44E How to Solve It (1945);
John von Neumann (1903 — 1957), BEIEiH RN FILAEZR R,
Paul Erdés (1913 —1996), FZEiimhdits: #ot, HEFMEILSE -

HIERT I, @ RIAE AR E BB B AE R BRI AR, PN B AT TRI5R I, BT

MEIFRH &, AEAR T &t A ZEIRHY -

TR R LR
1) AN RR AR (BRI

http://blog.sciencenet.cn/home.php?mod=space&uid=1557&do=blog&id=2106
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2) tFR A AL (Rl ()
http://blog.sciencenet.cn/home.php?mod=space&uid=63234&do=blog&i d=283564
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—Y TR, o T KAl - SRR R ERUXER AR, M Tk
T TEMHIRIAE . EETRE RIS — BT WTE ] e
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