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Common cognitive processes are entailed in reading 
development in all languages

Reading acquisition in all written languages depends on the 
establishment of  effective connections among three linguistic 
elements: orthography, phonology, and semantics.

Pugh et al., 2000 Perfetti, Liu, & Tan, 2005



Neural Mechanisms of 
Language and Reading: 

Are they universal or language-constrained? 



Turkeltaub et al., 2003, 
English

Paulesu et al., 2001, English 
French & Italian

Pugh et al., 2005           
3 systems

Neuroimaging of  normal and dyslexic reading in alphabetic 
languages: 3 systems
• Visual word form area (fusiform gyrus): orthography
• Temporoparietal regions: phonological processing
• Inferior frontal gyrus: phonology and meaning

The Universal Theory: 
A universal brain basis is involved for reading in all languages

(Paulesu et al., Science, 2001; Dehaene et al., 2012)



Recent functional neuroimaging findings of 
dyslexia in alphabetic languages

Paulseu et al. (1996)

Brunswick et al. (1999)

Rumsey et al. (1997)

Horwitz et al. (1998)

Shaywitz et al. (1998)

Flower et al. (1991)

Rumsey et al. (1992)

Temple et al. (2001)

Shaywitz et al. (2002)

Paulesu et al. (2001)

Eden et al. (2004)

Hoeft et al. (2007)

Many new studies (2007-2013)



Brain systems involved in speaking and reading

speaking

Listening/
comprehension

reading
Fusiform
reading
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Suggestive evidence from brain diseases
affecting language functions: epilepsy, tumor, stroke, brain palsy…  

Neurosurgery 
9M patients of epilepsy, 20% with surgery

• % of patients 
with left 

hemisphere 
damages suffering 

language 
disorders after 

neurosurgeries in 
USA & China

Are there language-specific brain regions?
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600萬中國腦癱患者和200萬美國腦癱
患者語言障礙發生率

% of brain palsy patients with severe 
language disorders in USA and China
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Why? Do language differences matter?

These data indicate, 
language disorders caused 
by brain diseases are more 

severe in China
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中國語言(在此指漢語和中文)與英語等西方語言
有著顯著區別。

口頭語言來說：帶調 與 非帶調

Chinese: tonal language
English: non-tonal language

大腦負責中國語言聽和說的中樞
Brain regions for listening & speaking 

of the Chinese language
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主管漢語和西
方語言聽和說
的腦區有部分
重疊。

聽: 左顳葉

說: 左額下回

說漢語
說英語

Speaking C&E
Listening C&E

聽漢語
聽英語

布羅卡區和韋
爾尼克區主管
漢語的聽和說
的能力
(Gandour et al)

運動 motor
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Luo et al.
(PNAS, 2006)

大腦的漢語理解
中樞: 不僅左腦額
下回和顳葉主管
口語加工(與西方
語言相同), 右腦
顳上回對漢語聲
調加工也有獨特
作用。

Right superior 
temporal cortex 
crucial for Chinese 
tone processing

聽說漢語
Chinese: 

listening & 
speaking

Gandour et al.
(NeuroReport, 1999?
NeuroImage, 2004;

Peng et al., 
(NeuroImage, 

2006)
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Written Chinese 中文: 表意文字 (Wang, 1973)
(logographic system)

 Visual Form: 
holistic vs. linear

Chinese Reading Ability and Disability

Sound 字音:

Characters > syllables: 
addressed phonology

English words > phonemes: 
assembled phonology
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Word generation
(blue > sky) 

蓝 >天

Cortical Regions for Chinese Reading

Rhyme decision
(ge > ke) 

歌
+
颗

Homophone decision
(xie > xie) 

谢
+
泻

Semantic decision
(ma > mu) 

妈
+
母

Hum Brain Mapp, 2000;
NeuroImage, 2001;
NeuroReport, 2001;
Hum Brain Mapp, 2003;
Nature,2004;
PNAS,2005;
Hum Brain Mapp, 2005;
PNAS, 2008;
Annals of NYAS, 2008;
Current Biology, 2009;
PNAS, 2011;
PNAS, 2012
………

……………..
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z = 36 z = 30 z = 24 z = 18 z = 12

z = 6 z = 0 z = - 6 z = - 12 z = -18

Left middle frontal region is critical for Chinese reading 

左額中回
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Left middle frontal region and bilateral fusiform gyri
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Chinese

English
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Impaired reading shows weaker neural activity than normal 
readers at left middle frontal gyrus and a few other regions 
but the right occipital cortex has a reversed pattern. 



1. Dyslexics show weaker activations in left intraparietal sulcus (IPS) mediating visuospatial 
processing.

2. Individual variability analysis shows that visuospatial & phonological deficits co-exist in the 
majority (83.33%) of  Chinese dyslexics.

Results from the 
physical size decision:

Left intraparietal 
sulcus mediates 
visuospatial 
processing of  
Chinese characters
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Possible role of left middle frontal gyrus in reading 
Chinese 左額中回的作用

Coordination of cognitive resources and memory: 
orthography-to-phonology mapping
orthography-to-semantics mapping

字形 字音

字義



Brain systems of language 
(including speaking, listening, and reading)

C
E C

E
C
E

中
C

C

C

E

L R

C = Chinese; E = English 

C
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Written Chinese as a logographic language is 
cognitively and neuro-anatomically represented 
differently in some important aspects in 
comparison to alphabetic languages.

The culture-specific theory



“…the present 
results suggest 
an important 
role of the left 
middle
frontal gyrus 
(BA9) for 
Chinese 
character 
processing and 
a special role of 
the left superior 
temporal gyrus
(BA22) and 
supramarginal 
gyrus (BA40) 
for English 
readers.”









Why the left middle frontal gyrus plays an 
important role in Chinese reading?

Why the left posterior temporoparietal regions 
are crucial for English reading?



Children are asked to repeatedly copy 
characters as homework; 
effects of  learning experience





What happens if a Chinese child does not 
spend much time on handwriting/copying? 

For example, nowadays so many children use 
the Pinyin input method when texting.

What happens if a Chinese child does not 
spend much time on handwriting/copying? 

For example, nowadays so many children use 
the Pinyin input method when texting.





• Significant and positive correlations between reading 
performance and handwriting: r = 0.29 and P < .0001 for 
third graders, r = 0.34 and P < .0000 for fourth graders, 
and r = 0.45 and P < .00000 for fifth graders. 

• Children’s reading scores were negatively correlated with 
the use of the pinyin input method, with a stronger 
correlation found at the higher grade: r = −0.347 and P 
< .00000 for fourth graders, and r = −0.405 and P 
< .000000 for fifth graders. 

• No significant correlation between pinyin typing time and 
handwriting time (r = −0.015 for grade 4, and r = −0.13 for 
grade 5). 

• Thus, Pinyin use has its own negative impact on reading, 
presumably because it interferes with the learning of the 
visuospatial properties of characters.



Tsinghua University
CapitalBio Corporation

Shanghai Jiaotong University
University of Hong Kong

Yimin Sun, Yongyong Shi, Li-Hai Tan

Genome-wide Association Study
Of Developmental Dyslexia 

in Chinese Population

Is there a genetic basis for Chinese reading disorders?



GWAS Papers Supported by CapitalBio

Liver�Cancer
2010,�42(9):755-8

Coronary�Artery�
Diseases

2011,�43(4):345-9

Lung�Cancer
2011,�43(8):792-796

Esophageal�Cancer
2011,�43(7):679-84

Pancreatic�Cancer
2012,�44(1):62-66

Non-obstructive�
Azoospermia

2012,�44(2):183-186

High-altitude�adaptation
2010,�329(5987):72-5

Osteoporosis
2008,�83(6):663-674
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Genetic Study Strategies

A: Linkage analysis based   
on extended families

B: Association/linkage study 
based on core families

C: Association study based 
case-control strategy



38 Eur�Child�Adolesc�Psychiatry,�2010,�19:179–197

Nine DD Susceptibility Regions



39 Annu.�Rev.�Genomics�Hum.�Genet.,�2011,�12:145–64

Four DD Susceptibility Genes
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By now, there is no published 
genome-wide association study 
for developmental dyslexia 
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Three-stage GWAS Design
Stage I: Whole-genome SNP detection（millions�of�SNPs）

Affymetrix：CHB 1 & 2
1284887 SNPs

Stage III: Replication II（about�twenty�SNPs）

Sequenom/Taqman

Stage II: Replication I（about�fifty�SNPs）

Sequenom



对我国30368名儿童进行了系统的语言

和非语言能力测试，鉴定筛选出了1500

余名阅读障碍患者（和3000余名阅读成

绩优异的对照组儿童），建立了我国首

个阅读障碍研究队列，为深入探讨影响

儿童语言能力发展的环境、学习和基因

等因素提供了可靠的样本保证。

30,368 Chinese children were tested 
to identify dyslexics/impaired readers



济宁市市中区

约14,000名小学生；其中9,000参

加测试。山东教育出版社教材。

济宁市和平街小学

济宁市永丰街小学

济宁市明珠小学

济宁市普育小学

济宁市十二中小学部

济宁市霍家街小学

济宁市梁山县县城

共3所小学9,139名小学生，其中两

所最大规模的小学7,140人全部参

加测试。人教社教材。

梁山县第一实验小学

梁山县第二实验小学

菏泽市东明县县城

共6所小学13,968名小学生，全部

参加测试。江苏教育出版社教材。

东明县第一实验小学

东明县第二实验小学

东明县第三实验小学

东明县明贤小学

东明县玉成小学

东明县南门小学

项目组在山东济宁市、梁山县和东明县战斗约10个月



第一阶段：班级语文测验（30368名儿童全部参加）

根据班级语文测验结果，先排除掉一年级，然后从二年级以上各年级筛选

出语文成绩最好的15%和最差的15%（济宁、梁山)或13%（东明），总计筛

选出7214名。（济宁2400,梁山1788,东明3026）

第二阶段:对7214名儿童进行标准化的个体阅读测试（5分钟）和集体非

语言智力测验(45分钟，每40人1组）。每天平均测试6小时。10余名助手同

时测试，约需要70天。

第三阶段：筛选出阅读障碍患者和对照组，对梁山和东明约1500名阅障

者和约3000名控制组儿童采集基因样本。10多名助手用了约20天采集完所

有基因样本。 Saliva�and�buccal swabs�were�acquired�for�the�DNA�
extraction

第四阶段：对梁山的1055名儿童（阅障者和控制组）进行近10余项行为

测试，采集了大量有关阅读障碍的行为学特征的数据。10几名助手每天测

试6至7小时，总计测试27天。

测试内容
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Stage I: Subjects

A�total�of�501 DD�children�(391:110) and�521 paired�non-DD�ones�

(221:300) were�recruited�with�informed�consent�from�about�7000�primary�

school�students�aging�8-12�years.�

Saliva�and�buccal swabs�were�acquired�for�the�DNA�extraction.�

• Chinese�character�reading;
• Raven’s�Standard�Progressive�Matrices;
• Chinese��onset;
• Rapid�naming;
• Visual�form�constancy;
• Visual-spatial�relationship
• Component�search;
• Character�copy
……
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Quality Control

Affymetrix�GeneTitan
CHB:�Chinese�Han�Beijing�

(�HapMap�I,�II,�III+1000�genomes)

--40125�SNPs�failed�missingness�test�(�GENO�>�0.05�)
--2�individuals�removed�for�low�genotyping�(�MIND�>�0.05�)
--8821�markers�to�be�excluded�based�on�HWE�test�(�p�<=�1e-005�)
--57844�SNPs�failed�frequency�test�(�MAF�<�0.01�)

After�filtering:�498 cases, 516 controls, 1,183,484 SNPs



Manhattan Plot

68 SNPs passed selection criteria for Chinese dyslexia in the discovery
GWA scan. Manhattan plot of –log10P values from the additive model after
adjusting for age, sex and the first principal component.

48
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Stage 2: Sequenom验证工作
样品：山东东明县采集样品，750 dyslexics，750 controls

位点：
1）芯片筛选到的p value<10-4的位点68个；
2）ROBO1, DCDC2, KIAA0319和DYX1C1基因上Tag SNP总计30个。



显著性易感位点1(2.45E-5)

Gene A ，内含子区域



显著性易感位点2(2.64E-5)

Gene B，内含子区域51



显著性易感位点3(8.95E-5)

Inter-genetic region 基因间区域



Preliminary findings: 

• Two genes have been identified. These two genes have 
not been reported in the literature, so they might be 
specific to Chinese dyslexia

• Their functions are to be explored

• Whether the two genes are linked to the language-
specific brain regions are unknown.

• The four known genes (ROBO1, DCDC2, KIAA0319, 
DYX1C1) causing alphabetic language reading 
disorders have not been confirmed.



China’s National Key Basic Research Program Grant (“973” program grant)

Brain mechanisms underlying Chinese language processing and the 
neurogenetic basis for its disorder (2012CB720700)
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Qsinghua Univ Yuquan Hospital
Chinese U of HK (William Wang & Gang Peng)
Peking Univ
MIT
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