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Linking long-term dietary patterns with gut microbial enterotypes 
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Enterotypes: 
Type 1:  Consumed lots of  
meat & saturated fat-  more  
Bacteroides 
 
Type 2: People who consumed lots of alcohol & 
polyunsaturated fats-  Ruminicoccus prevailed 
 
Type 3: Diet rich in carbohydrates- favored Prevotella 

Diet determines gut microbiome 



Overrepresenting genes in Southeast Asia/East Asia and US/Africa 

Yatsunenko et al.  

2012, Nature 
East Asia-type Southeast Asia-type 

Asian Microbiome Program 

US Malawi 

0.3985 0.1519 0.243 0.2404 0.0861 0.1697 0.1724 0.2789 0.4823 0.1478 0.434 0.1176 0.3259 0.6018 0.5639 0.4415 0.2705 0.7626 0.7621 1.35 0.8559 0.4336 0.4904 1.01 0.9952 1.7828 1.8369 1.6674 1.5326 0.4323 1.3836 0.9261

0.8399 0.2693 0.3958 0.5014 0.5008 0.4223 0.3526 1.6387 0.8892 0.6422 0.8378 0.6237 0.3285 0.713 0.7802 0.4215 0.971 1.8204 1.1617 2.2709 2.1001 1.0498 1.0954 1.3653 1.6589 2.0397 1.5459 2.3008 2.4254 0.8362 2.8383 1.8881

1.9862 2.238 1.7313 1.7537 1.7642 2.1297 2.029 1.249 1.807 1.8592 1.3361 1.5845 2.0528 1.699 2.2075 1.985 1.7716 1.8728 2.5225 2.7662 2.6549 2.1613 1.9826 1.8874 2.5471 1.8398 2.0404 2.6581 2.9329 1.8401 2.5429 2.4256

0.03 0.0152 0.0246 0.0216 0.0137 0.0221 0.014 0.0211 0.0188 0.0252 0.0406 0.023 0.0217 0.0281 0.0113 0.023 0.0212 0.0476 0.0191 0.0247 0.0106 0.0311 0.0301 0.0265 0.0232 0.0113 0.0105 0.0063 0.0058 0.0211 0.0043 0.0087

0.7413 0.2533 0.1561 0.3155 0.0977 0.1336 0.1569 0.3319 0.0931 0.3692 0.2698 0.291 0.1991 0.3237 0.0701 0.1528 0.0587 0.232 0.0932 0.068 0.0466 0.1241 0.1226 0.4645 0.0386 0.0801 0.0771 0.0913 0.0371 0.1588 0.0777 0.0825
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0.0139 0.0032 0.0098 0.0251 0.0029 0.0087 0.0072 0.0083 0.0057 0.008 0.0213 0.007 0.0092 0.009 0.0078 0.0106 0.0059 0.0074 0.0062 0.0066 0.0017 0.0062 0.0057 0.006 0.0099 0.0009 0.0033 0.0012 0 0.0072 0.0026 0.0007
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0.7589 0.4738 0.302 0.4587 0.6161 0.4948 0.5103 0.5379 0.3587 0.3805 0.4706 1.1287 0.437 0.5673 0.2549 0.3455 0.2859 0.2877 0.2857 0.0987 0.107 0.245 0.652 0.1313 0.4513 0.3244 0.3314 0.1285 0.0863 0.7101 0.1548 0.0782

0.8488 0.1481 0.1962 0.3576 0.4551 0.218 0.2665 0.2807 0.1369 0.3359 0.2123 0.5035 0.2585 0.3396 0.2485 0.2148 0.2756 0.2456 0.1614 0.1446 0.155 0.2599 0.2067 0.4244 0.088 0.1206 0.0905 0.0544 0.0846 0.1981 0.1066 0.0852
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0.5833 0.6838 0.4893 0.6123 0.4748 0.5648 0.5233 0.2236 0.3464 0.4748 0.329 0.5016 0.5103 0.4192 0.3995 0.5289 0.4503 0.3526 0.3668 0.2251 0.2567 0.3925 0.4368 0.3959 0.1834 0.2158 0.1809 0.1288 0.1773 0.3697 0.2276 0.1743

0.7006 0.5405 0.5574 0.7362 0.5682 0.678 0.6662 0.3242 0.3564 0.5187 0.3236 0.6013 0.484 0.4303 0.5588 0.474 0.5886 0.3964 0.4404 0.2724 0.327 0.4349 0.5659 0.4178 0.2124 0.2671 0.2583 0.1523 0.1921 0.4793 0.267 0.2223

0.6562 0.5609 0.5749 0.6517 0.5515 0.8542 0.6322 0.2607 0.3802 0.5175 0.4195 0.6903 0.7262 0.542 0.535 0.6171 0.5528 0.4474 0.4788 0.3134 0.3545 0.5568 0.5379 0.5024 0.2351 0.2703 0.2413 0.1478 0.2061 0.5321 0.2827 0.2138

0.5905 0.442 0.531 0.5658 0.5127 0.6025 0.58 0.2995 0.3479 0.4377 0.3693 0.7413 0.5761 0.4086 0.4595 0.4846 0.4798 0.3891 0.3525 0.3051 0.323 0.4454 0.4581 0.4589 0.1979 0.2488 0.2387 0.1683 0.2169 0.3845 0.24 0.1868

1.0675 1.0276 1.0333 1.05 0.7393 1.202 1.1226 1.306 0.8675 0.956 0.923 1.1601 0.8827 1.1077 0.6643 1.1217 0.6345 0.5055 0.5567 0.2303 0.4388 0.6781 0.6643 0.4772 0.2533 0.6976 0.5065 0.2642 0.3572 0.7135 0.3399 0.2747

0.9836 0.4629 0.5725 0.6421 0.5863 0.5571 0.4635 0.5276 0.4487 0.8044 0.7478 0.6598 0.575 0.611 0.3192 0.3721 0.2893 0.5325 0.3464 0.1842 0.1553 0.3621 0.3803 0.2862 0.0915 0.2046 0.1428 0.088 0.1581 0.3338 0.1471 0.1669

amyA, malS; alpha-amylase 

gltB; glutamate synthase (NADPH/NADH) large chain 

gltD; glutamate synthase (NADPH/NADH) small chain 

1-pyrroline-5-carboxylate dehydrogenase 

glsA, GLS; glutaminase 

gadB, gadA, GAD; glutamate decarboxylase 

asdA; aspartate 4-decarboxylase 

PRODH; proline dehydrogenase 

rocD; ornithine--oxo-acid transaminase 

kamA; lysine 2,3-aminomutase 

AXY8, FUC95A, afcA; alpha-L-fucosidase 2 

SHPK; sedoheptulokinase 

SORD, gutB; L-iditol 2-dehydrogenase 

pfkA, PFK; 6-phosphofructokinase 1 

G6PD, zwf; glucose-6-phosphate 1-dehydrogenase 

alpha-mannosidase 

MANBA, manB; beta-mannosidase 

bioA; adenosylmethionine-8-amino-7-oxononanoate aminotransferase 

lipB; lipoyl(octanoyl) transferase 

cbiB, cobD; adenosylcobinamide-phosphate synthase 

cobB-cbiA; cobyrinic acid a,c-diamide synthase 

cobQ, cbiP; adenosylcobyric acid synthase 

cobU, cobT; nicotinate-nucleotide--dimethylbenzimidazole phosphoribosyltransferase 

choloylglycine hydrolase 

paaK; phenylacetate-CoA ligase 
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Redundancy analysis to correlate macronutrient intake  

with gut microbiota 
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Bacteroides/Bifidobacterium-type Prevotella-type 

Jiro Nakayama, Azusa Yamamoto, Ladie A. Palermo-Conde, Kanako  Higashi, Kenji Sonomoto, Julie Tan, 

Yuan Kun Lee* (2017) Impact of high-fat diet on gut microbiota in children on Leyte island. Frontiers in 
Microbiology, doi: 10.3389/fmicb.2017.00197 
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P = 0.0313 in 999 permutation 
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Redundancy analysis showing correlation between dietary habit  

and microbiota 
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Microbiota profile in Asian cities 

J Nakayama, K Watanabe, JH Jiang, K Matsuda, SH Chao, P Haryono, O La-ongkham, MA Sarwoko, IN Sujaya, L Zhao, KT Chen, YP Chen, HH Chiu, T Hidaka, NX Huang, 

C Kiyohara, T Kurakawa, N Sakamoto, K Sonomoto, K Tashiro, H Tsuji, MJ Chen, V Leelavatcharamas, CC Liao, S Nitisinprasert, ES Rahayu, FZ Ren, YC Tsai, YK Lee 

(2015) Diversity in gut bacterial community of school-age children in Asia. Scientific Reports, 5:8397/DOI 10.1038/srep08397. 



Are changes 

in microbiome 

profile 

bidirectional? 

 

 Southern 

Chinese migrated 

 

to 

 

Penang, Kelantan 

Malaysia 



Guangzhou Chinese diet is largely different from Penang & Kelantan Chinese diet 
  
Penang Chinese diet similar to Penang Malay diet, and Kelantan Chinese & Malay 



Distance-based redundancy analysis (db-RDA) 

comparing similarities of two races from three cities. 

The percentage of variation explained for each axis is 

shown and Monte Carlo permutation test is significant 

at p=0.002. 

Human migration:  Impact of 

dietary changes on gut 

microbiota of Southern Chinese 

Major gut microbiota are 

determined largely by diet & 

life style. 

Cluster 1 
Cluster 2 1. Kelantan cluster1 

2. Kelantan cluster2 

3. GZ cluster 1 

4. GZ cluster 2 

5. Penang cluster1 

6. Penang cluster2 



Scientific & clinically demonstrated probiotic effects: 

 
1.Probiotics digest dietary components which are not digestible by the human, and intervene energy 

metabolism & storage. 

 

2.Probiotics prevent formation of carcinogens from dietary components. 

 

3.Probiotics produce vitamins and other growth factors essential for the host. 

 

4.Through competition and production of inhibitory factors, probiotics supress growth and colonization of gut 

pathogens. 

 

5.Probiotics strengthen epithelial layer tight-junction, preventing crossover of pathogen and endotoxin, 

preventing chronic inflammation & related diseases. 

 

6.Probiotics regulate immunity development at young age and enhance immunity in the adults. 

 

7.Through gut-brain axis, probiotics regulate mental stage and functions. 

 

                

  Effect of diet on probiotic effects?? 
On adhesion, colonization, host-probiotic cross-talk, microbe-microbe interactions 



Adhesive Polymers (adhesion of probiotics on GI surface) 
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The type of carbohydrate we eat affects the colonization of probiotics in our gut: 

in the presence of carbohydrate. Br J Nutr 88: S101-108 
Lactobacillus rhanmosus GG (isolated in US, developed in Europe) 

 

Lactobacillus casei Shirota (isolated & developed in Japan) 
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Diet determines gut microbiota profile 
Diff probiotics may function differently 
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