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Fig. S1. Core Microbiome of Pakistani males with Province of Residence specific occupancy. The taxonomic information of ASVs
is given in Data Table S1.xlIsx.
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Fig. S2. Core Microbiome of Pakistani females with Province of Residence spec

ific occupancy. The taxonomic information of

Data Table S1.xlsx.
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Fig. S3. Core Microbiome of Pakistani individuals with Gender specific occupancy. The taxonomic information of ASVs
in



300

%]

@ 250
=
<
=
°
5]

2 200
o]
[%2]
a
()

150

100

300

@ 250
1)
=2
S
>
-c‘

Q200
c
@
0
el
o

150

100

Fig. S4: Alpha diversity comparison of microbial community composition (bacterial ASV abundances) of samples for
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values as: * p <0.05, ** p <0.01, or *** p <0.001.
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for different sources of variability. See the legend of Fig. S4 for details.
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Richness Shannon 350 Richness Shannon Richness Shannon Richness Shannon
— . .
L)
.
300 300 300
300
L]
L]
45 45 u 4
: 5 45
2 20 250 250 250
E H
©
>
T 200
2 200 200 200
@ 40
1% ) x
2 4.0 40 4.0
O 150 o
150 150 150
L]
100 .
3.5
1 100
00 35 (] 100 35 o 35
L]
5 g oz e 5 g = g ?
e £ % £ e £ % £ 2 23 3 2 235 3 5z % % 5z 3 3 52 3 3 5 2 3 3
Jd £ 3 09 Jd £ 3 5 S © £ S © £ . 5 § £ - 5 § 8 5 5 ® E 5 5 ® E
Z 5 8 @ Z 5 8 @8 5 3 £ o 2 £ S 5 8 ¢ 5 5 5 2 J 5 8 2 2 5 8 2
g = 7 g = 7 £ 4 £ 4d 2 g d 2 g d = g 4 2 g2 4
9 9
b =2
E Household animals F Parasitic infection treatment G Colon cleansing past week
Richness Shannon Richness Shannon Richness Shannon
3 Y » . »
L]
300 300 300
' L]
45 45 45
o 250 ! 250 I 250
Q
=) 'y &
s { . E
g o .
o]
2 200 $ H 200 200
% 3 ° I
L]
8 $ 40 $ 4.0 40 !
° Y'Y ®
L]
150 150 b 150 4
° ] ° 4
»
L]
100 s
100 100
3.5 s 35 3.5
° ° *
. . . . . 173 o 1) ‘o
$ 2 $ 2 8 2 $ 2 B z g z

Fig. S7: Continuation of alpha diversity comparison of microbial community composition (bacterial ASV abundances) of samples for different
sources of variability. See the legend of Fig. S4 for details.
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Fig. $10: Continuation of alpha diversity comparison of predicted metabolic function (KEGG KO abundances) of samples for different
sources of variability. See the legend of Fig. S8 for details.
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Fig. S11: Continuation of alpha diversity comparison of predicted metabolic function (KEGG KO abundances) of samples for
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Fig. S12: Alpha diversity comparison of predicted metabolic function (MetaCyc pathway abundances) of samples for different
sources of variability based on the self-reported questionnaire. The lines connect samples according to ANOVA with the significance
values as: * p <0.05, ** p <0.01, or *** p <0.001.
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Fig. S13: Continuation of alpha diversity comparison of predicted metabolic function (MetaCyc pathway abundances) of samples for
different sources of variability. See the legend of Fig. S12 for details.
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Fig. S14: Continuation of alpha diversity comparison of predicted metabolic function (MetaCyc pathway abundances) of samples for

different sources of variability. See the legend of Fig. S12 for details.
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Fig. S15: Continuation of alpha diversity comparison of predicted metabolic function (MetaCyc pathway abundances) of samples for
different sources of variability. See the legend of Fig. S12 for details.
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Fig. S16: Continuation of alpha diversity comparison of predicted metabolic function (MetaCyc pathway abundances) of samples for
different sources of variability. See the legend of Fig. S12 for details.
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Fig. S17: Beta diversity comparison of microbial community composition (bacterial ASV abundances) of samples for different
sources of variability based on the self-reported questionnaire. We have used Bray-Curtis distance in the Principle Coordinate
Analysis (PCoA) plot where ellipses are drawn using 95% confidence intervals based on the standard error of spread of points for a
given category. Beneath each figure are shown the R? values (along with p-values if significant) calculated from PERMANOVA and
represents the percentage variability in microbiome explained between all possible values of the groups.
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Fig. S18: Continuation of beta diversity comparison of microbial community composition (bacterial ASV abundances) of samples for different
sources of variability. See the legend of Fig. S17 for details.
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Fig. S19: Continuation of beta diversity comparison of microbial community composition (bacterial ASV abundances) of samples
for different sources of variability. See the legend of Fig. S17 for details.
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Fig. S20: Continuation of beta diversity comparison of microbial community composition (bacterial ASV abundances) of samples
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Do you experience acid reflux? Did you suffer from anemia in the past?
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Fig. S22: Significant dependences recovered between categorical-response questions in self-reported questionnaire using y? test of
independence. Where significant (p<0.05), the y? contribution and Pearson residuals are calculated. The y? contribution represent
the biggest contributer to the y? value whilst for Pearson residuals, a positive value, represented by the blue color, is a positive
attraction between the corresponding row and column variables whilst negative values implie a repulsion (negative association; red)
between the corresponding row and column variables. Additionally, we fitted a GLM model with frequency on the contingency table
to calculate the incidence ratios and where significant they are highlighted in red.
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Do you have bad breath? Do you feel you are becoming healthier?
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Fig. S23: Continuation of y? test of independence results for significant dependence between questions in the self-reported
questionnaire. See the legend of Fig. S22 for details.
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Do you eat beef regularly?

] 2
A eo 4@ eO 4@ .
X .83 24
O
Q
& ‘ ‘
Q;“ .16 .93
7] 0
3 S 55 g 61
1] = ©
ﬁ 00 _8 .83 % .29
s 9 = o
% 8 47 g .03
o o 2]
= N 05 o] p.as
— 6'\6 = [0
c > o
[}} @06 84 b.67
S
S
8 17 p.99
‘ .51 31
o)
QO
84 &
x?=13.01 p-value <0.01

Incidence Rate Ratios
(95 % CI)

XN
N
[7/] <<;\~°
S
=
©
»
S
)
£ o
©
Q
£
- <
c >
2 @068‘
S
S
(&)
Y
Q¥

x? Contribution

How do you@feel during bowel movement?

XS xQ
O N4 S @
d @ « d ¥ o
P o L o © o
@ Q 54.61 0 @ Q
‘ j9.16
43.71
0
825 (O
>
S
O
o
p735
(o]
4
21.9 m .
o}
(o
6.45
1
[5.54
—0.09
x%=49.77 p-value <0.001

Incidence Rate Ratios

(95 % CI)

Fig. S24: Continuation of y? test of independence results for significant dependence between questions in the self-reported

questionnaire. See the legend of Fig. S22 for details.
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Did you suffer from parasitic infection during childhood? Do you have children?
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Fig. S25: Continuation of y? test of independence results for significant dependence between questions in the self-reported
questionnaire. See the legend of Fig. S22 for details.
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Do you consume coffee every day? How many cups of coffee do you consume per. day?
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Fig. S26: Continuation of y? test of independence results for significant dependence between questions in the self-reported
questionnaire. See the legend of Fig. S22 for details.
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Have you ever used any medication to treat constipation? Do you go to the dentist at least once a year?
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Fig. S27: Continuation of y? test of independence results for significant dependence between questions in the self-reported
questionnaire. See the legend of Fig. S22 for details.
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What is your main source of drinking water?
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Fig. S28: Continuation of y? test of independence results for significant dependence between questions in the self-reported
questionnaire. See the legend of Fig. S22 for details.



Do you consume dry fruits 2 or more times a week? é@“ ¢ Gender ® @
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Fig. S29: Continuation of y? test of independence results for significant dependence between questions in the self-reported
questionnaire. See the legend of Fig. S22 for details.



What6 best descrit%es your employment status?
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Fig. S30: Continuation of y? test of independence results for significant dependence between questions in the self-reported
questionnaire. See the legend of Fig. S22 for details.



How much healthy have you felt in the past 1 week? How often do you poop?
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Fig. S31: Continuation of y? test of independence results for significant dependence between questions in the self-reported
questionnaire. See the legend of Fig. S22 for details.
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Do you experience gut flare-ups? During sampling, did you have headache?
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Fig. S32: Continuation of y? test of independence results for significant dependence between questions in the self-reported
questionnaire. See the legend of Fig. S22 for details.



Do you have lactose sensitivity?
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Fig. S33: Continuation of y? test of independence results for significant dependence between questions in the self-reported

questionnaire. See the legend of Fig. S22 for details.
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Do you consume honey regularly? Do you have pets?
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Fig. S34: Continuation of y? test of independence results for significant dependence between questions in the self-reported
questionnaire. See the legend of Fig. S22 for details.
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Are you allergic to milk?
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Fig. S35: Continuation of y? test of independence results for significant dependence between questions in the

questionnaire. See the legend of Fig. S22 for details.
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Do you consume oatmeal everyday? Had you undergone any treatment for parasitic infection?
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Fig. S36: Continuation of y? test of independence results for significant dependence between questions in the self-reported
questionnaire. See the legend of Fig. S22 for details.
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Do you smoke regularly? Do you have passive smoking?
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Fig. S37: Continuation of y? test of independence results for significant dependence between questions in the self-reported
questionnaire. See the legend of Fig. S22 for details.
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How often do you get sick?
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Fig. S38: Continuation of y? test of independence results for significant dependence between questions in the self-reported
questionnaire. See the legend of Fig. S22 for detail.
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How much anxious have you felt in the past 1 week?
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Fig. S39: Continuation of y? test of independence results for significant dependence between questions in the self-reported
questionnaire. See the legend of Fig. S22 for detail.
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How much stressed have you felt in the past 1 week?
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Fig. S40: Continuation of y? test of independence results for significant dependence between questions in the self-reported
questionnaire. See the legend of Fig. S22 for detail.



Do you regularly experience throat issues?
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Fig. S41: Continuation of y? test of independence results for significant dependence between questions in the self-reported
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How much sleep do you get every night, on average?
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Fig. S42: Continuation of y? test of independence results for significant dependence between questions in the self-reported
questionnaire. See the legend of Fig. S22 for detail.



How many times have you visited your doctor in the past year? Have you been vaccinated with Hepatitis vaccines?
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Fig. S43: Continuation of y? test of independence results for significant dependence between questions in the self-reported
questionnaire. See the legend of Fig. S22 for detail.



Do you have trouble falling asleep?
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Fig. S44: Continuation of y? test of independence results for significant dependence between questions in the self-reported
questionnaire. See the legend of Fig. S22 for detail.



Do you have trouble getting back to sleep once you're awake?
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Fig. S45: Continuation of y? test of independence results for significant dependence between questions in the self-reported
questionnaire. See the legend of Fig. S22 for detail.



Have you been vaccinated with Rabies vaccines? Have you been vaccinated with Polio vaccines?
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Fig. S46: Continuation of y? test of independence results for significant dependence between questions in the self-reported
questionnaire. See the legend of Fig. S22 for detail.
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Table S1: PERMANOVA testing of no difference between two or more classes of objects (groups of samples) based on the
analysis and partitioning sums of square distances as per sources of variability in the self-reported questionnaire. R? value where
significant (p<0.05) represents the percentage variability explained by that covariate. For categorical variables, all possible
outcomes are shown in brackets along with their frequencies. Important covariates where there are significant associations with

microbiome are shown with a blue background.

Covariate Bray-Curtis Unweighted Weighted Heirarchical
(Composition) Unifrac Unifrac Meta-Storm
(Phylogeny) (Composition (Function)
weighted
Phylogeny)
Do you experience acid reflux? (Yes:37; N.S N.S N.S N.S
No:56)
Age R2=0.013 N.S N.S R2=0.020
(P=0.09.) (P=0.05.)

Did you suffer from anemia in the past? N.S N.S N.S N.S
(Yes:10; No:83)
Were you given antibiotics as a child? R?=0.033 R?=0.074 R2=0.074 N.S
(Yes:77; No:15; Maybe:1) (P=0.01%) (P=0.01**) (P=0.01%)
Do you have trouble biting or chewing N.S N.S N.S N.S
certain foods (apples, meat)? (Yes:7; No:86)
Do you have bad breath? (Yes:9; No:84) N.S N.S N.S N.S
Do you share your bathroom/toilet? (Yes:87; N.S N.S N.S N.S
No:6)
Do you feel you are becoming healthier? N.S R?=0.021 R?=0.021 N.S
(Yes:56; No:37) (P=0.06.) (P=0.07.)
Do you feel you are becoming unhealthier? R?=0.016 R?=0.026 R2?=0.026 N.S
(Yes:24; No:69) (P=0.02%) (P=0.02*) (P=0.03*)
Do you eat beef regularly? (Yes:51; No:42) N.S N.S N.S N.S
Birth city (Quetta:10; Bagh:2; Swat:2; N.S N.S N.S N.S

Islamabad:13; Jehlum:1; Rawalpindi:15;
Mardan:3; Lahore:2; Sahiwal:5; Haripur:3;
Chakwal:4; Karachi:2; Hasilpur:1;
Abbotabad:1; Daharki:1; Lodhran:1;
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Nankana:1; Khanpur:1; Malakand:1; Kasur:1;
Peshawar:3; Faislabad:1; Hyderabad:2;
Kashmir:1; Rawlakot, AJK:2; Jaranwala:1;
Sialkot:3; Tehran:1; Mirpur Khas:1;
Noshehra:1; Taunsa Sharif:1; Kot addu:1;
Rawalakot:2; Kohat:1; Haveli:1; Mianwali: 1)

What was your mode of birth? (Natural:86; N.S R2=0.043 R2=0.043 N.S

Cesarean:7) (P=0.01%) (P=0.01%)

BMI R2=0.017 R?=0.055 R?=0.055 N.S
(P=0.01%) (P=0.001%**%*) (P=0.001%***)

How do you feel during bowel movement? R2=0.028 N.S N.S N.S

(Poor:8; Moderate:70; Good:15) (P=0.03%)

Do you consume bread daily? (Yes:56; R2=0.015 N.S N.S R2=0.021

No:37) (P=0.05.) (P=0.02%)

Do you eat breakfast on at least 5 days each N.S N.S N.S N.S

week? (Yes:83; No:10)

Were you breastfed as an infant? (Yes:83; N.S R?=0.024 R2=0.024 N.S

No:10) (P=0.09.) (P=0.09.)

How often do you brush your teeth? (Once a N.S N.S N.S N.S

day:72; Twice a day:19; More than twice a

day:2)

Do you consume butter daily? (Yes:26; N.S N.S N.S N.S

No:67)

Do you consume cheese daily? (Yes:2; No:91) | R2=0.020 N.S N.S N.S

(P=0.01%)

Do you eat chicken regularly? (Yes:77; N.S N.S N.S N.S

No:16)

Did you suffer from parasitic infection R2=0.014 N.S N.S N.S

(tapeworm etc.) during childhood? (Yes:11; (P=0.04%)

No:85)

Do you have children? (Yes:29; No:64) R%2=0.013 R?=0.015 N.S N.S
(P=0.09.) (P=0.08.)

Do you consume coffee every day? N.S N.S N.S N.S

(Yes:15;No:78)
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Have you had your colon cleansed in the past R2=0.014 R2=0.057 R2=0.057 N.S
week? (Yes:7; No:86) (P=0.05.) (P=0.007**) (P=0.006**)

During sampling, did you have N.S N.S N.S N.S
Constipation? (Yes:7; No:86)

Have you ever used any medication or home N.S N.S N.S N.S
remedies to prevent or treat constipation?

(Yes:16; No:77)

Current city (Quetta:6; Rawalpindi:19; N.S N.S N.S N.S
Islamabad:55; Lahore:2; Sahiwal:2; Haripur:1;

Daharki:1; Hyderabad:1; Mardan:1; Karachi:1;

Noshehra:1; Rawalakot:2; Mianwali:1)

Current health status (Poor:4; Moderate:31; N.S N.S N.S N.S
Good:55; Excellent:3)

How often do you eat Samosa, pakora and N.S N.S N.S N.S
other deep-fried food items in a week?

(Rarely:29; Once a week:33; Everyday:1;

Between 2 to 4 times a week:30)

Do you go to the dentist at least once a year? N.S N.S N.S R2=0.022
(Yes:12; No:81) (P=0.03%)
Do you consume desi ghee every day? (Yes:8; N.S N.S N.S N.S
No:85)

Have you been diagnosed with any of the N.S N.S N.S N.S
sexually transmitted diseases? (Genital

Herpes:1; None of the above:92)

What best describe your diet? (All Meat & R?=0.026 N.S N.S R2=0.034
Vegetables:78; No Beef & Mutton but Chicken (P=0.09.) (P=0.09.)
& Fish:12; All Meat & Vegetables but no

Dairy:3)

How often do you eat dinner outside instead R2=0.041 N.S N.S N.S
of eating/cooking at home? (Rarely:42; Once a (P=0.02%)

week:25; between 2 to 4 times a week:17;

Everyday:9)

Do you eat dinner on at least S days each N.S N.S N.S N.S

week? (Yes:89; No:4)
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During sampling, did you have dizziness? N.S N.S N.S N.S

(Yes:2; N0:92)

What is your main source of drinking water? N.S N.S N.S N.S

(Tap:21; Filtered:60; Bottled:6; Mineral:3;

Natural Spring:3)

Is your mouth dry? (Yes:5; No:88) N.S N.S N.S R2=0.023

(P=0.07.)

Do you consume dry fruits 2 or more times a R2=0.014 N.S N.S N.S

week? (Yes:43; No:50) (P=0.08.)

What is the highest level of education you N.S N.S N.S N.S

completed? (Intermediate:11;

Undergraduate:34; Masters:45; Doctorate:2;

Primary:1)

Do you consume eggs every day? (Yes:53; R2=0.014 N.S N.S N.S

No:40) (P=0.06.)

What best describes your employment R2=0.051 N.S N.S N.S

status? (Unemployed:20; Student:43; Full (P=0.06.)

time:20; Self employed:9; Part time:1)

Ethnicity (Balochi:7; Kashmiri:9; Pathan:21; R%2=0.11537 N.S N.S N.S

Urdu speaking:6; Punjabi:37; Hazary wal:1; (P=0.003%*%*)

Sindhi:6; Saraiki:4; Pashtun:1; Hazara:1)

How much healthy have you felt in the past 1 R2=0.047 N.S N.S N.S

week? (Moderately:69; Not at all:4; (P=0.004*%*)

Slightly:13; Extremely:7)

Do you eat fish regularly? (Yes:25; No:68) N.S N.S N.S N.S

Do you eat fresh fruits every day? (Yes:58; R2=0.017 N.S N.S N.S

No:35) P=(0.01%)

Gender (Male:43; Female:50) R?=0.023 R?=0.034 R?=0.034 R2=0.017
(P=0.001**%*) (P=0.01%) (P=0.01*) (P=0.06.)

Do you experience gut flare-ups (Sudden N.S N.S N.S N.S

pain, or outburst in gut)? (Yes:18; No:75)

During sampling, did you have headache? N.S N.S N.S N.S

(Yes:8; No:85)

Do you consume honey regularly? (Yes:13; R2=0.016 R2=0.034 R2=0.034 N.S

No:80) (P=0.02%) (P=0.01%) (P=0.01%)
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Do you have pets? (Yes:13; No:80) R2=0.017 N.S N.S N.S
(P=0.01%)

During sampling, did you have insomnia? N.S N.S N.S N.S

(Yes:1; No:92)

Do you consume “junk food” (e.g. fried N.S N.S N.S N.S

chicken burgers,

pizza) at least twice every week? (Yes:47;

No:46)

Do you have lactose sensitivity? (Yes:2; N.S N.S N.S N.S

No:91)

Do you consume lassi every day? (Yes:21; N.S N.S N.S N.S

No:72)

Do you consume legumes? (Yes:10; No:83) N.S N.S N.S N.S

Do you experience lethargy or general N.S N.S N.S N.S

malaise? (Yes:13; No:80)

Do you have contact with livestock? (Yes:10; N.S N.S N.S N.S

No:83)

Do you eat lunch on at least S days each R2=0.014 N.S N.S N.S

week? (Yes:83; No:10) (P=0.06.)

Are you allergic to milk? (Yes:2; No:91) N.S N.S N.S N.S

Do you consume milk every day? (Yes:52; N.S N.S N.S N.S

No:41)

What is your monthly income (or income of N.S R?=0.065 R2=0.065 N.S

parent/guardian)? (Between 60,000 & (P=0.03%) (P=0.04%)

120,000:38; Between 20,000 & 60,000:35;

>120,000:17; <20,000:3)

Do you eat goat and/or lamb meat regularly? R2=0.013 N.S N.S N.S

(Yes:50; No:43) (P=0.09.)

Do you eat naan/roti on at least 5 days each N.S N.S N.S R2=0.086

week? (Yes:92; No:1) (P=0.004**)

Do you take naps? (No never:19;Yes N.S R?=0.036 R?=0.036 N.S

usually:16; Yes sometimes:58) (P=0.08.) (P=0.07.)

Did you have any craving for soil/chalk/sand/ N.S N.S N.S N.S

or other non-food items in the past? (Yes:14;
No:79)
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Do you consume oatmeal every day? (Yes:15; N.S N.S N.S N.S
No:78)

What is your occupation (or occupation of N.S N.S N.S N.S
parent/legal guardian)? (Personal business:41;

Labor force:4; Academia:23; Unemployed:11;

Academia Agriculture:4; Government:4;

Military:2; Foreign remittance:2;

Multinational:1; Agriculture:1)

Had you undergone any treatment for R2=0.018 N.S N.S N.S
parasitic infection? (Yes:8; No:85) (P=0.007*%*)

Do a family member or friend you are in N.S R?=0.010 N.S R2=0.031
constant contact with (>2 hours a day) smoke (P=0.03%) (P=0.01%)
in your presence? (Yes:15; No:78)

Are you allergic to peanuts? (Yes:3; No:90) N.S N.S N.S N.S
How do you identify yourself as a person? N.S R?=0.086 R?=0.086 N.S
(Social with only close friends:29; Very social (P=0.04%*) (P=0.03%)

and friendly:27; Sometimes social sometimes

friendly:31; Stressed at gatherings:1; Shy and

introvert:5)

Do you consume pickle every day? (Yes:7; R?=0.028 R2=0.033 R2=0.033 N.S
No:86) (P=0.001**%*) (P=0.07.) (P=0.07.)

How often do you poop? (Once everyday:74; N.S N.S N.S N.S
Thrice a week:13; Twice a day:6)

Birth province (Balochistan:10; AJK:8; R%>=0.071 N.S N.S N.S
KPK:15; ICT:14; Punjab:40; Sindh:6) (P=0.003*%*)

Residence province (Balochistan:6; Punjab:24; R2=0.077 N.S N.S N.S
ICT:55; KPK:3; Sindh:3; AJK:2) (P=0.002*%*)

Have you felt abdominal pain in the last 2 N.S N.S N.S N.S
days? (Not recently:65; Yes moderately:14;

Yes slightly:13; Yes extremely:1)

In the last two days, how much have you N.S N.S N.S N.S

exercised? (No:79; Less than 30 min:4;
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Between 30 & 60 mins:7; Between 1 & 2
hours:1; More than 2 hours:2)

Have you had any headaches in the past 1 N.S N.S N.S N.S

week? (Yes regularly:2; Yes sometimes:64;

No:27)

How anxious have you felt in the past 1 N.S N.S N.S N.S

week? (Extremely:8; Moderately:27; Not at

all:18; Slightly:40)

How much happy have you felt in the past 1 N.S N.S N.S N.S

week? (Moderately:73; Extremely:10;

Slightly:7; Not at all:3)

How much stressed have you felt in the past R?=0.038 N.S N.S N.S

1 week? (Moderately:38; Extremely:5; (P=0.08.)

Slightly:40; Not at all:10)

How much tired have you felt in the past 1 R2=0.041 R2=0.053 R2=0.053 N.S

week? (Moderately:40; Extremely:22; (P=0.01%) (P=0.07.) (P=0.07.)

Slightly:24; Not at all:7)

Do you exercise regularly? (Yes:15; No:78) N.S N.S N.S N.S

Do you regularly experience throat issues R2=0.016 N.S N.S R2=0.019

(e.g. sore throat, flu)? (Yes:34; No:59) (P=0.02%) (P=0.04%)

Did you get your appendix removed? (Yes:5; N.S N.S N.S N.S

No:88)

Have you had your tonsils removed? N.S R?=0.036 R?=0.036 N.S

(Yes:7; No:86) (P=0.03%) (P=0.04%)

Do you eat rice regularly? (Yes:87; No:6) N.S R2=0.025 R?=0.025 R2=0.020
(P=0.09.) (P=0.08.) (P=0.05.)

How often do you get sick? (Sometimes:41; N.S N.S N.S N.S

Rarely:49; Frequently:3)

How much sleep do you get every night, on N.S N.S N.S N.S

average? (Between 6 to 8 hours:58; Between 4
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to 6 hours:29; More than 8 hours:4; Less than 4
hours:2)

Do you smoke regularly? (Yes:9; No:84) N.S N.S N.S N.S
What best describes your socioeconomic N.S R2=0.066 R2=0.066 N.S
status? (Middle class:39; Lower middle (P=0.04%) (P=0.05%)

class:34; Upper middle class:17; Lower class:3)

Do you consume soft cheese every day? R?=0.028 R2=0.033 R2=0.033 N.S
(Yes:7; No:86) (P=0.001%**%*) (P=0.05.) (P=0.07.)

During sampling, did you have stomach N.S R?=0.044 R?=0.044 N.S
pain? (Yes:1; No:92) (P=0.03%) (P=0.03%*)

How often do you take juices or other sugary N.S N.S N.S N.S
drinks (e.g. lemonade, Rooh Afza, soft

drinks, etc.) in a week? (Rarely:17; Between 2

to 4 times a week:47; Once a week:19;

Everyday:10)

How often do you eat sugary foods (e.g. N.S N.S N.S N.S
halwa, desserts, kheer, ice-cream, etc.) in a

week? (Once a week:38; Between 2 to 4 times

a week:47; Rarely:17; Everyday:10)

Do you consume tea every day? (Yes:82; N.S N.S N.S N.S
No:11)

Do you have trouble falling asleep? R2=0.042 N.S N.S N.S
(No Never:35; Yes always:8; Yes (P=0.01%)

sometimes:46; Yes usually:4)

Do you have trouble swallowing? (Yes:4; N.S N.S N.S N.S
No:89)

Have you been vaccinated with BCG N.S R?=0.020 R?=0.020 N.S
vaccine? (Yes:27; No:66) (P=0.08.) (P=0.08.)
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Have you been vaccinated with COVID-19 N.S N.S N.S N.S
vaccine? (Yes:71; No:22)

Have you been vaccinated with Hepatitis N.S R?=0.026 N.S N.S
vaccine? (Yes:7; No:86) (P=0.09.)

Have you been vaccinated with MMR N.S R?=0.020 R?=0.020 N.S
vaccine? (Yes:20; No:73) (P=0.08.) (P=0.08.)

Have you been vaccinated with Polio R?2=0.014 N.S N.S N.S
vaccine? (Yes:29; No:64) (P=0.04%)

Have you been vaccinated with Rabies N.S N.S N.S N.S
vaccine? (Yes:5; No:88)

Do you eat vegetables regularly? (Yes:83; N.S N.S N.S N.S
No:10)

How many hours per week do you work? N.S N.S N.S N.S
(20 to 40:42; 40 to 60:23; Less than 20:20;

More than 60:8)

Did you gain weight recently? (Yes:21; N.S N.S N.S N.S
No:72)

Did you lose weight recently? (Yes:3; No:90) N.S N.S N.S N.S
Do you consume yogurt every day? (Yes:56; N.S N.S N.S N.S
No:37)

P<0.1% p<0.05 ** p<0.01 *** p<0.001
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Table S2: Literature survey significant genera (top 5 most positive and negative beta coefficients) in GLLVM associated with all

sources of variability.

No Significant genera Positively associated Negatively associated Implication in literature Reference
covariates covariates
1. Lachnospiraceae;CA | Age, [Province of birth:KPK; [Gender:Male; REF(Female)] Members of Lachnospiraceae are strictly (1-3)
G-56 REF(ICT)], [Source of [Province of Birth: AJK/Sindh; anaerobic, SCFA producers and are
Drinking Water: Bottled/ REF(ICT)], [Province of detected in humans of different age groups
Mineral; Residence:Balochistan/Punjab; Lachnospiraceae; CAG has been reported
REF(Filtered)] SoftCheese REF(ICT)], [Source of Drinking to be associated with fast food
Consumption: Yes, Desighee Water: Tap; REF(Filtered)] consumption, high fiber diet and complex
Consumption:Yes, Lassi [Education:Intermediate/Doctora carbohydrates
Consumption:Yes, Fresh te; REF(Primary)]
Fruits Consumption:Yes, Fried [Socioeconomic Status:LMC;
Food Items:Yes, Junk Food (REF(LC)], Cheese
Twice/ Week:Yes Consumption:Yes, Milk
Consumption: Yes, Yogurt
Consumption: Yes, Honey
Consumption:Yes, Coffee
Consumption: Yes, Vegetables
Consumption:Yes, [Sugary
Foods Consumption:
Once/Week/Between 2 to 4
times/Week/Everyday;
REF(Rarely)]
2. Phascolarctobacteriu Age, Gender:Male; [Province of SCFA producers and have beneficial 4-8)
m REF(Female)] [Province of Residence:Punjab/Sindh; effects in human gut health. Higher

Birth: AJK/KPK/Punjab/Sindh;
REF(ICT)],
Province of Residence:KPK;
REF(ICT)], [Socioeconomic
Status:LMC; (REF(LC)],
Yogurt Consumption:Yes,
Lassi Consumption:Yes,
Honey Consumption:Yes,
Naan/Roti 5 days/week:Yes,
[Deep Fried Food
Consumption: Between 2 to 4
times/ Week; REF(Rarely)]

REF(ICT)],
[Source of Drinking Water:
Natural_spring;
REF(Filtered)]
[Education:Undergraduate/Mast
ers; REF(Primary)] Chicken
Consumption:Yes, Beef
Consumption: Yes, Milk
Consumption:Yes, Buttermilk
Consumption:Yes, Desighee
Consumption:Yes, Rice
Consumption:Yes, Fresh Fruits
Consumption:Yes

abundance in age group 18-40 years
Higher abundance is also associated with
high fat diet, starchy foods, and dairy
Higher abundance associated with tap
drinking water in Pakistan
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Solobacterium Age, [Province of [Province of Birth:KPK; Gram-positive, non-spore-forming, 9, 10)
Birth:Punjab; REF(ICT)], REF(ICT)], Mutton obligate anaerobic which causes halitosis
[Province of Consumption: Yes, SoftCheese (foul smell or oral malodour) and oral
Residence:Balochistan/KPK/S | Consumption:Yes, Breakfast 5 infections
indh; REF(ICT)], [Source of days/week:Yes, Naan/Roti 5 Found to be present in all age group

Drinking Water: Bottled; days/week:Yes, Junk Food between 11-65 years

REF(Filtered)] Twice/ Week:Yes, [Sugary
[Education:Intermediate; Foods Consumption: Between 2
REF(Primary)] Chicken to 4 times/Week; REF(Rarely)]
Consumption:Yes, Yogurt

Consumption:Yes,
Fried Food Items:Yes, [Deep
Fried Food Consumption:
Once/Week/Everyday;
REF(Rarely)]
Haemophilus Age, BMI, [Province of [Gender: Male; REF(Female)] Part of healthy human salivary (11-13)

Birth:Balochistan; REF(ICT)]
[Province of Residence:AJK;
REF(ICT)], [Source of
Drinking Water: Bottled;
REF(Filtered)] SoftCheese
Consumption:Yes, Eggs
Consumption:Yes, Coffee
Consumption:Yes, [Deep
Fried Food Consumption:
Between 2 to 4 times/ Week;
REF(Rarely)]

[Province of
Residence:Punjab/Sindh;
REF(ICT)], [Source of Drinking
Water: Mineral/Tap;
REF(Filtered)]
[Education:Undergraduate/Mast
ers; REF(Primary)] Fish
Consumption:Yes, Bread
Consumption:Yes, Lassi
Consumption: Yes, Oatmeal
Consumption:Yes, Pickle
Consumption:Yes, Tea
Consumption:Yes, Fresh Fruits
Consumption:Yes, Breakfast 5
days/week:Yes, [Sugary Foods
Consumption: Once/Week/
Between 2 to 4 times/Week;
REF(Rarely)]

microbiome. Some of the species are
respiratory tract pathogens
Found positively associated with tea and
coffee consumption
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Klebsiella

BMI, [Source of Drinking
Water: Mineral/Tap;
REF(Filtered)] Bread
Consumption: Yes, Cheese
Consumption: Yes, SoftCheese
Consumption: Yes, Honey
Consumption:Yes, Junk Food
Twice/ Week:Yes

Age, [Province of
Birth:Balochistan; REF(ICT)]
Province of Birth:Punjab;
REF(ICT)], [Source of Drinking
Water: Bottled; REF(Filtered)]
Butter Consumption:Yes, Milk
Consumption:Yes, Yogurt
Consumption: Yes, Oatmeal
Consumption:Yes, Coffee
Consumption:Yes, Tea
Consumption:Yes, Fried Food
Items:Yes

Gram-negative non motile pathogenic
bacteria, can cause inflammation in the gut
Higher abundance associated with obesity

Klebsiella species i.e., Klebsiella
grimontii, Klebsiella oxytoca and
pneumonia were found to be present in
tradionally made cheese

(14-17)

Coriobacteriaceae U | BMI, Fish Consumption:Yes Age, Beef Consumption: Yes, Coriobacteriaceae play an important role in 18
CG—003 Tea Consumption: Yes, Dry conversion of bile salts and steroids and
Fruits Consumption:Yes, Lunch activation of dietary polyphenols.
5 days/week:Yes, Junk Food
Twice/ Week:Yes
Finegoldia BMI, [Province of Birth:AJK; Age, [Province of Gram-positive anaerobic cocci, colonizes (19-22)
REF(ICT)] [Province of Birth:Balochistan/KPK/Sindh; the skin and other non-sterile body
Residence:Punjab; REF(ICT)], REF(ICT)] surfaces

[Socioeconomic Status:UMC;
(REF(LC)], Mutton
Consumption:Yes, Cheese
Consumption: Yes, Desighee
Consumption:Yes, Pickle
Consumption: Yes, Dry Fruits
Consumption:Yes, Naan/Roti
5 days/week:Yes, [Deep Fried
Food Consumption:
Once/Week/ Between 2 to 4
times/Week; REF(Rarely)]
[Sugary Foods Consumption:

[Source of Drinking Water:
Mineral; REF(Filtered)]
[Education:Undergraduate/Mast
ers/Doctorate; REF(Primary)]
[Socioeconomic Status:MC;
(REF(LC)], Chicken
Consumption:Yes, SoftCheese
Consumption:Yes, Buttermilk
Consumption:Yes, Cream
Consumption:Yes, Yogurt
Consumption:Yes, Lassi
Consumption:Yes, Eggs

Once/Week/ Between 2 to 4 Consumption: Yes, Fresh Fruits
times/Week/Everyday; Consumption:Yes
REF(Rarely)]

Found to be associated with high BMI and
consumption of sweets
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(22-24)

Akkermansia

[Province of
Residence:Punjab; REF(ICT)],
[Source of Drinking Water:
Tap; REF(Filtered)] Yogurt
Consumption:Yes, Oatmeal
Consumption:Yes, Breakfast 5
days/week:Yes, Lunch 5
days/week:Yes, [Sugary Foods
Consumption: Once/Week;
REF(Rarely)]

Age, BMI, Gender:Male;
REF(Female)] Fried Food
Items:Yes

Gram-negative anaerobes, Higher
abundance associated with yogurt and

sweets/sugary food consumption
Decreased abundance observed in obesity
and metabolic disorders

(25)

Anaerococcus

[Source of Drinking Water:
Natural_spring;
REF(Filtered)] Mutton
Consumption:Yes, Milk
Consumption:Yes, Oatmeal
Consumption:Yes, Pickle
Consumption: Yes, Dry Fruits
Consumption:Yes, [Sugary
Foods Consumption:
Once/Week; REF(Rarely)]

Age, Chicken Consumption:Yes,
Fish Consumption:Yes, Butter
Consumption:Yes, Yogurt
Consumption:Yes, Eggs
Consumption:Yes, [Deep Fried
Food Consumption: Between 2
to 4 times/ Week; REF(Rarely)]

Anaerobic, Gram-positive bacteria
commonly associated with gastrointestinal
and urogenital disorders
No association found with the covariates

10.

Turicibacter

BMI, [Province of
Birth: AJK/Balochistan;
REF(ICT)], [Socioeconomic
Status:MC; REF(LC)],
Cheese Consumption:Yes,
SoftCheese Consumption:Yes,

Lassi Consumption:Yes,
Honey Consumption:Yes,
[Deep Fried Food
Consumption: Everyday;
REF(Rarely)]

[Province of
Residence:Balochistan/Punjab;
REF(ICT)], [Source of Drinking

Water: Natural spring;
REF(Filtered)]
[Education:Undergraduate/Mast
ers REF(Primary)] Butter
Consumption:Yes, Cream
Consumption:Yes, Desighee
Consumption:Yes, Coffee
Consumption:Yes, Breakfast 5
days/week:Yes, [Deep Fried
Food Consumption: Once/Week;

REF(Rarely)] [Sugary Foods
Consumption: Between 2 to 4
times/Week; REF(Rarely)]

Anaerobic gram-positive, butyrate
producing bacteria. Higher abundance
showed association with high-fat diet and
obesity in mice model

(26)

11.

Sarcina

[Province of Residence:AJK;
REF(CT)], Fish
Consumption:Yes, Bread
Consumption:Yes, Butter
Consumption:Yes, Desighee
Consumption:Yes, Yogurt
Consumption:Yes, Junk Food
Twice/ Week:Yes

BMI, Milk Consumption:Yes,

Fried Food Items:Yes, [Sugary
Foods Consumption:

Once/Week; REF(Rarely)]

Gram-positive anaerobic cocci are member
of family clostridiaceae
Has been reported to maintain BMI

(27)
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12.

Asteroleplasma

[Province of
Birth:Balochistan; REF(ICT)],
[Province of
Residence:KPK/Sindh
REF(ICT)], [Source of
Drinking Water: Tap;
REF(Filtered)]
[Socioeconomic Status:MC;
REF(LC)], Bread
Consumption:Yes, Eggs
Consumption:Yes, Oatmeal
Consumption:Yes, Fresh
Fruits Consumption:Yes,
Breakfast 5 days/week:Yes,
Lunch 5 days/week:Yes, Junk
Food Twice/ Week:Yes

BMI, [Province of
Birth: AJK/KPK/Punjab;
REF(ICT)] [Province of
Residence:Balochistan;

REF(CT)], [Source of Drinking

Water: Bottled; REF(Filtered)]
Mutton Consumption:Yes,
Buttermilk Consumption:Yes,
Cream Consumption:Yes,
Naan/Roti 5 days/week:Yes,

[Deep Fried Food Consumption:

Once/Week/ Between 2 to 4
times/Week; REF(Rarely)]

Obligate anaerobes, decreased abundance
has been observed in high fat diet group in
Chinese community
Role in human body not well studied yet

(28, 29)

13.

Barnesiella

[Source of Drinking Water:
Natural_spring;
REF(Filtered)] Chicken
Consumption:Yes, Rice
Consumption:Yes, Coffee
Consumption:Yes, Tea
Consumption:Yes, Breakfast 5
days/week:Yes

BMI, Bread Consumption:Yes,

Oatmeal Consumption:Yes, Junk
Food Twice/ Week:Yes, [Sugary

Foods Consumption:
Once/Week; REF(Rarely)]

Protect against the antibiotic-resistant
pathogenic bacteria and have been reported
abundantly present in healthy group as
compared to the subjects with
gastrointestinal diseases
Increased abundance reported after
oatmeal consumption

(30-32)

14.

Erysipelotrichaceae
UCG—003

[Education:Intermediate;
REF(Primary)] Beef
Consumption:Yes, Bread
Consumption:Yes, Butter
Consumption:Yes, Milk
Consumption:Yes, Pickle
Consumption:Yes, Rice
Consumption:Yes, Fresh
Fruits Consumption:Yes,
Breakfast 5 days/week:Yes,
[Deep Fried Food
Consumption: Once/Week;
REF(Rarely)] [Sugary Foods
Consumption: Everyday;
Reference(Rarely)]

BMI, [Province of Birth:AJK;
REF(ICT)], [Province of
Residence:KPK; REF(ICT)],
[Source of Drinking Water:
Bottled/Mineral; REF(Filtered)]
Mutton Consumption:Yes,
Cheese Consumption:Yes, Lassi
Consumption:Yes, Eggs
Consumption:Yes, Naan/Roti 5
days/week:Yes, [Deep Fried
Food Consumption: Between 2
to 4 times/ Week; REF(Rarely)]

Increased abundance of
Erysipelotrichaceae observed in mice on
western or high-fat diet
Erysipelotrichaceae UCG—003 highest
abundance observed with high fiber intake
and negative association with BMI
Consumption of dairy products also
increased the abundance of this genera

(33-36)
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5.

Treponema

[Gender:Male; REF(Female)]
Fish Consumption:Yes, Milk

[Socioeconomic Status:UMC;

REF(LC)], Bread

Commensals of the oral microflora,

(37, 38)
Obligate anaerobes but pathogenic species
Consumption:Yes, Eggs Consumption: Yes, Oatmeal can be microaerophilic
Consumption:Yes Consumption:Yes, Rice Higher abundance has been observed in
Consumption: Yes, Vegetables African population consuming fish and
Consumption:Yes, [Deep Fried legumes based diet
Food Consumption: Once/Week;
REF(Rarely)]
16. | Lachnospiraceae UC | [Gender:Male; REF(Female)] [Province of Lachnospiraceae family members have the (36, 39, 40)
G—004 [Province of Birth: AJK/Balochistan/KPK/Pun ability to hydrolyze the starch and
Residence: AJK/Balochistan; jab/Sindh carbohydrates and produce butyrate and
REF(ICT)], [Socioeconomic REF(ICT)], [Province of other SCFAs
Status:LMC/MC; REF(LC)], Residence:Sindh; REF(ICT)], In vitro based study showed higher
Fish Consumption:Yes, [Education:Masters; abundance of Lachnospiraceae UCG—004
Cheese Consumption:Yes, REF(Primary)] Beef after animal based food fermentation
Oatmeal Consumption:Yes, Consumption: Yes, Buttermilk Higher abundance found to be associated
Coffee Consumption:Yes, Tea Consumption:Yes, Cream with high socioeconomic status
Consumption:Yes, Lunch 5 Consumption:Yes, Dry Fruits Positively associated with intake of dietary
days/week:Yes, [Sugary Foods Consumption:Yes fiber, carbohydrates and plant protein
Consumption: Everyday; Negatively associated with animal protein
REF(Rarely)] intake
17. Oribacterium [Gender:Male; REF(Female)] | [Province of Residence:Punjab; Strictly anaerobic non-spore forming 41, 42)
[Province of REF(ICT)], [Socioeconomic bacteria in oral cavity. Found abundantly
Birth:KPK/Punjab; Status: LMC/MC/UMC; present in males oral microbiome as
REF(ICT)], REF(LC)], Mutton compared to females
[Education:Masters; Consumption:Yes, Lassi
REF(Primary)] Chicken Consumption:Yes, Rice
Consumption: Yes, Butter Consumption:Yes, Tea
Consumption:Yes, Coffee Consumption:Yes, Lunch 5
Consumption:Yes, Fried Food days/week:Yes, Junk Food
Items:Yes, [Sugary Foods Twice/ Week:Yes
Consumption:
Once/Week/Between 2 to 4
times/Week; REF(Rarely)]
18. | Rikenellaceae RC9 | [Gender:Male; REF(Female)] SoftCheese Consumption:Yes, | Helps in lipid metabolism and digestion of (43-45)
gut group [Province of Birth:AJK; [Deep Fried Food Consumption: crude fiber
REF(ICT)], Naan/Roti 5 Everyday; REF(Rarely)] Higher abundance observed in mice with
days/week:Yes, [Sugary Foods high fat diet
Consumption: Everyday;
REF(Rarely)]
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Observed higher abundance in males as

(46)

19. Elusimicrobium [Source of Drinking Water: Gender:Male; REF(Female)],
Bottled; REF(Filtered)], Eggs [Province of Birth:Punjab; compared to females in Pakistani
Consumption:Yes, Rice REF(ICT)] Province of population
Consumption: Yes, Coffee Residence:Balochistan;
Consumption:Yes, Vegetables | REF(ICT)], [Source of Drinking
Consumption:Yes, [Deep Water: Tap; REF(Filtered)]
Fried Food Consumption: [Education:Undergraduate;
Between 2 to 4 times/ Week; | REF(Primary)] [Socioeconomic
REF(Rarely)] Status:LMC; REF(LC)], Beef
Consumption:Yes, Bread
Consumption: Yes, Honey
Consumption:Yes, Oatmeal
Consumption:Yes, Tea
Consumption:Yes, [Sugary
Foods Consumption: Everyday;
REF(Rarely)]
20. Fenollaria Beef Consumption:Yes, Fried [Gender:Male; REF(Female)] Novel bacteria. Some species are isolated 47)
Food Items:Yes Honey Consumption:Yes from healthy human fecal samples
21. Libanicoccus [Province of [Province of Residence:AJK; Novel genus. Some species are isolated (48)

Birth: AJK/Punjab;
REF(ICT)], [Province of
Residence:KPK/Sindh
REF(ICT)], [Source of
Drinking Water: Bottled/Tap;
REF(Filtered)]
[Socioeconomic Status:UMC;
REF(LC)], Buttermilk
Consumption:Yes, Desighee
Consumption:Yes, Eggs
Consumption:Yes, Tea
Consumption:Yes, Vegetables
Consumption:Yes, [Deep
Fried Food Consumption:
Everyday; REF(Rarely)]

REF(ICT)],
[Education:Intermediate;
REF(Primary)] Fish
Consumption:Yes, Butter
Consumption:Yes, Breakfast 5
days/week:Yes, Lunch 5
days/week:Yes, [Sugary Foods
Consumption: Everyday;
REF(Rarely)]

from human stool samples. Previously no
association found with the covariates
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Gram-negative bacteria isolated from

(8, 49-52)

[Province of Birth:Sindh;

[Province of Birth:AJK;

human feces, involved in fermentation of

22. Megamonas
REF(ICT)], [Source of REF(ICT)], [Province of
Drinking Water: Mineral; Residence:Sindh; REF(ICT)], glucose into acetate and propionate
REF(Filtered)] [Education:Intermediate; Higher abundance is associated with high
[Education:Undergraduate; REF(Primary)] Chicken calorie intake
REF(Primary)] Consumption:Yes, Bread Western type high fat diet in Filipino
[Socioeconomic Consumption: Yes, Cheese adults has showed higher abundance of
Status:LMC/UMC; REF(LC)], Consumption:Yes, Coffee Megamonas
Mutton Consumption:Yes, Consumption:Yes, Fresh Fruits Previously higher abundance of
Desighee Consumption:Yes, Consumption:Yes, Naan/Roti 5 Megamonas observed in chicken meat
Rice Consumption:Yes, Lunch | days/week:Yes, [Sugary Foods consumers
5 days/week:Yes, [Deep Fried Consumption: Overabundance of Megamonas has been
Food Consumption: Once/Week/Between 2 to 4 reported in females with food addiction
Once/Week/Between 2 to 4 times/Week; REF(Rarely)] and obesity
times/Week; REF(Rarely)]
Junk Food Twice/ Week:Yes
23. Faecalitalea [Province of [Socioeconomic Status:MC; Belongs to phylum Firmicutes and are 53)
Birth:Balochistan; REF(ICT)], REF(LO)], SCFA producers
24. Terrisporobacter [Province of [Source of Drinking Water: Gram-positive, spore forming bacteria (54
Birth:Balochistan/KPK; Mineral; REF(Filtered)] Found to be positively associated with
REF(ICT)], [Province of oxidative stress
Residence:Sindh; REF(ICT)],
[Socioeconomic
Status:LMC/MC/UMC;
REF(LC), Cream
Consumption:Yes
25. | [Eubacterium]_ rumin [Province of [Province of Birth:Balochistan; | SCFA producer, Negative association with 55
antium_group Residence:Balochistan; REF(ICT)], Pickle high fat diet
REF(ICT)], Consumption:Yes
[Education:Masters;
REF(Primary)]
26. | Ruminococcaceae;C Education:Intermediate; [Province of Birth:Balochistan; Ruminococcaceae are SCFA producers (56, 57)
AG-352 REF(Primary)] REF(CT)], [Source of Drinking Ruminococcaceae CAG-352 are gram-
positive bacteria, their decreased

Water: Natural spring;
REF(Filtered)]

abundance was observed after
consumption of lactic acid bacteria in

obese people
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27. Weissella [Province of Birth:KPK; [Province of Residence:KPK; Gram-positive, non-spore forming bacteria (58-61)
REF(ICT)], REF(ICT)], [Deep Fried Food Have anti-inflammatory and probiotic
[Education:Undergraduate; Consumption: Once/Week; potential
REF(Primary)] Chicken REF(Rarely)] Has been isolated from raw milk, feces,
Consumption:Yes, Beef urine, sour dough, fermented cereals, meat
Consumption:Yes, Bread and meat products, sugar cane, carrot juice,
Consumption: Yes, Buttermilk banana leaves and vegetables
Consumption:Yes, Cream
Consumption:Yes, Fresh
Fruits Consumption:Yes,
[Deep Fried Food
Consumption: Everyday;
REF(Rarely)]
28. Corynebacterium [Education:Doctorate; [Province of Gram-positive, non-spore forming bacteria (62-66)
REF(Primary)] Tea Birth:KPK/Punjab/Sindh; Corynebacterium has been found as a
Consumption:Yes, Vegetables | REF(ICT)], [Source of Drinking causative agent to spoil fruits and
Consumption:Yes, Dry Fruits Water: Bottled; REF(Filtered)] vegetables
Consumption:Yes, Lunch 5 [Socioeconomic Fresh fruits consumption such as mangoes
days/week:Yes, [Deep Fried Status: LMC/MC/UMC,; can increase the abundance of specie
Food Consumption: REF(LC)], Cream Corynebacterium pyruviciproducens
Once/Week; REF(Rarely)] Consumption:Yes, Rice which is considered as immune modulator
Consumption:Yes, Fresh Fruits Studies have shown that C. diphtheria,
Consumption: Yes, Breakfast 5 mostly infects people from low
days/week:Yes, Fried Food socioeconomic status
Items:Yes
29. Peptoniphilus [Province of Chicken Consumption:Yes, Fish | Gram-positive cocci, butyrate producing (67, 68)

Birth:Punjab/Sindh;
REF(ICT)], Mutton
Consumption:Yes, Pickle
Consumption: Yes, Dry Fruits
Consumption:Yes, Fresh
Fruits Consumption:Yes,
[Sugary Foods Consumption:
Once/Week/Between 2 to 4
times/Week; REF(Rarely)]

Consumption:Yes, Yogurt
Consumption:Yes, Lassi
Consumption:Yes, Eggs

Consumption: Yes, Honey
Consumption:Yes, Rice

Consumption:Yes

bacteria
Commensals of human gut and vagina
Peptoniphilus species can cause
bloodstream, diabetic skin and soft tissue
infections
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30. Succinivibrio [Province of Birth:Sindh; [Socioeconomic Gram-negative, strictly anaerobic, plant (69-71)
REF(ICT)] [Province of Status: LMC/MC/UMC,; polysaccharide-fermenting commensals
Residence:KPK; REF(ICT)], REF(LC)], Butter They can downregulate the total fat intake
[Education:Intermediate; Consumption: Yes, SoftCheese of host
REF(Primary)] Chicken Consumption: Yes, Buttermilk Higher abundance reported to be
Consumption:Yes, Consumption:Yes, Desighee associated with high fiber diets and protein
Yogurt Consumption:Yes, Consumption:Yes, Pickle intake
Lassi Consumption:Yes, Consumption:Yes, Coffee
Vegetables Consumption:Yes, Consumption:Yes, Lunch 5
Fried Food Items:Yes days/week:Yes, [Deep Fried
Food Consumption: Everyday;
REF(Rarely)]
31. Porphyromonas [Province of Birth:Sindh; Fish Consumption:Yes, Eggs Gram-negative, obligate anaerobic, non- (72-74)
REF(ICT)], Butter Consumption: Yes, Honey spore forming bacteria
Consumption: Yes, Pickle Consumption:Yes Decreased abundance of Porphyromonas
Consumption:Yes, Dry Fruits gingivalis (Major cause of periodontitis
Consumption: Yes, [Sugary and halitosis) observed after intake of
Foods Consumption: Between honey
2 to 4 times/Week;
REF(Rarely)]
32. | [Eubacterium] siraeu | [Province of Residence:Sindh; [Province of Birth:Sindh; Gram-positive, obligate anaerobes, non- (75, 76)
m_group REF(ICT)], REF(CT)], [Province of spore forming, sulfur reducing and SCFA
[Education:Masters; Residence:AJK; REF(ICT)], producers
REF(Primary)] Beef Mutton Consumption:Yes, Eubacterium species are found in the
Consumption:Yes, SoftCheese Pickle Consumption:Yes mammalian intestinal tract and oral cavity
Consumption:Yes, Buttermilk
Consumption: Yes, Honey
Consumption:Yes
33. Desulfovibrio [Province of [Education:Doctorate; Gram-negative, obligate anaerobic bacteria 40, 77)

Residence: AJK/Balochistan;
REF(ICT)], [Source of
Drinking Water:
Mineral/Natural spring;
REF(Filtered)] Lassi
Consumption:Yes, Vegetables
Consumption:Yes, Naan/Roti
5 days/week:Yes, [Sugary
Foods Consumption:
Everyday; REF(Rarely)]

REF(Primary)] Milk
Consumption:Yes, Desighee
Consumption:Yes, Dry Fruits

Consumption:Yes, [Deep Fried
Food Consumption: Everyday;
REF(Rarely)]

Higher abundance has been associated
with low carbohydrate high fat diet
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34. | [Eubacterium] xylan [Province of [Province of SCFA producer, positively associated with (M)
ophilum_group Residence: AJK/Punjab; Residence:Balochistan; lipid and glucose metabolism
REF(ICT)], [Source of REF(ICT)],
Drinking Water: [Education:Intermediate;
Natural _spring/Tap; REF(Primary)] Cheese
REF(Filtered)] Consumption:Yes, Desighee
[Socioeconomic Consumption: Yes, Vegetables
Status: LMC/MC/UMC; Consumption:Yes, Naan/Roti 5
REF(LC)], Butter days/week:Yes, [Sugary Foods
Consumption: Yes, Buttermilk Consumption: Everyday;
Consumption: Yes, Cream REF(Rarely)]
Consumption: Yes, Honey
Consumption:Yes, Breakfast 5
days/week:Yes
35. Alistipes [Province of Gram-negative, anaerobic bacteria, non- (78)
Residence: AJK/KPK; spore forming bacteria
REF(ICT)], Found in healthy human gut and have
protective and pathogenic role in human
body
36. Mitsuokella Cream Consumption:Yes [Province of Gram-negative bacteria, SCFA (acetate 49, 79)
Residence: AJK/Sindh; and propionate) producer
REF(ICT)], Cheese
Consumption:Yes, Pickle
Consumption:Yes, [Deep Fried
Food Consumption: Everyday;
REF(Rarely)]
37. Alloprevotella [Province of Residence:AJK; Higher abundance has been associated (80, 81)
REF(ICT)], with halitosis
Alloprevotella rava isolated from the
human oral cavity is also associated with
oral infections such as periodontitis
38. Marvinbryantia [Province of [Education:Doctorate; SCFA producer and cellulose-degrading (82, 83)

Residence:Balochistan;
REF(ICT)], [Source of
Drinking Water:
Natural_spring;
REF(Filtered)]

REF(Primary)]

bacterial genus
Previously associated with intestinal
inflammation and bowel dysfunction

68




39.

Megasphaera [[Education:Doctorate; [Province of Residence:KPK; Gram-negative, anaerobic cocci, SCFA (57, 84)
REF(Primary)] [Deep Fried | REF(ICT)], [Source of Drinking producer and opportunistic bacteria
Food Consumption: Everyday; Water: Natural spring; Higher abundance has been associated
REF(Rarely)] REF(Filtered)] [Socioeconomic with obesity
Status:UMC;
REF(LO)],
40. | Lachnospiraceac FC [Province of Residence:KPK; SCFA producer, higher abundance (8%
S020_group REF(ICT)], reported in mice with low dose intake of
red meat
41. Enterococcus [Province of [Source of Drinking Water: Tap; | Gram-positive commensals in human gut, (86-88)
Residence:Punjab; REF(ICT)], REF(Filtered)] Dry Fruits can cause infections such as urinary tract
Mutton Consumption:Yes, Consumption:Yes, [Deep Fried infection, endocarditis and bacteremia
Fish Consumption:Yes, Milk Food Consumption: Found as most common lactic acid
Consumption:Yes, [Sugary Once/Week/Between 2 to 4 bacteria in raw and pasteurized milk, also
Foods Consumption: Between | times/Week; REF(Rarely)] Junk colonize raw meat and fermented food
2 to 4 times/Week; Food Twice/ Week:Yes
REF(Rarely)]
42. Paraprevotella [Province of [Source of Drinking Water: Tap; Gram-negative, anaerobic, succinic and (89-91)
Residence:Punjab; REF(ICT)], REF(Filtered)] acetic acid producer
[Source of Drinking Water: [Education:Intermediate/Doctora | Higher abundance found to be associated
Mineral; REF(Filtered)] te; REF(Primary)] Vegetables with oat consumption
[Education:Undergraduate; Consumption:Yes, Dry Fruits Previously higher abundance was
REF(Primary)] Beef Consumption:Yes, Fried Food associated with T2D risk after low fat diet
Consumption: Yes, Cheese Items:Yes consumption
Consumption:Yes, Oatmeal
Consumption: Yes, Rice
Consumption:Yes
43, RF39; RF39; RF39 | [Education:Intermediate/Unde [Source of Drinking Water: Acetate and hydrogen producer (13, 43, 92)
rgraduate/Masters; Bottled; REF(Filtered)] Higher abundance associated with healthy
REF(Primary)] Milk Vegetables Consumption:Yes, diet intake
Consumption:Yes, Tea [Deep Fried Food Consumption: Increase in abundance also found to be
Consumption:Yes Between 2 to 4 times/ Week; associated with tea intake
REF(Rarely)] [Sugary Foods
Consumption: Everyday;
REF(Rarely)]
44. Butyrivibrio [Education:Undergraduate/Ma [Source of Drinking Water: Gram-negative, strictly anaerobic, non- (8, 93)

sters/Doctorate;
REF(Primary)] Buttermilk
Consumption:Yes

Mineral; REF(Filtered)]
SoftCheese Consumption:Yes

spore forming, butyrate producer
Higher abundance associated with tap
drinking water in Pakistan
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45. | Escherichia-Shigella [Source of Drinking Water: Gram-negative bacteria. Escherichia is 99
Natural _spring; REF(Filtered)] part of normal gut flora but both bacteria
can be pathogenic
Involved in decreasing the abundance of
SCFA producing bacteria
46. | Lachnospiraceae gro [Education:Doctorate; Beef Consumption: Yes Member of SCFA producing family 935)
up-001 REF(Primary)] Lachnospiraceae
Previously reported to play beneficial role
in alleviating T2D
47. Catenibacterium [Education:Doctorate, Gram-positive, obligatory anaerobes (96)
REF(Primary)] Showed positive association with dietary
animal fat intake
48. Muribaculaceae Cream Consumption:Yes Mostly found in murine gut microbiome, 97)
found in humans in lower abundance
Functional potential yet to be described
49. | Rikenellaceae;dgA—1 Lunch 5 days/week:Yes Acetate producer, in mouse models found 98)
1 _gut group to improve lipid metabolism
50. | [Eubacterium] eligen | Naan/Roti 5 days/week:Yes Previously reported to be positively 99)
s_group associated with healthy diet
51. Sutterella [Deep Fried Food Consumption: | Gram-negative, non-spore forming (100)

Everyday; REF(Rarely)]

commensals
Their role in human body is still unkown
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Data_Table_S1.xlIsx (separate file)

The taxonomic information and details of ASVs implicated in core microbiome analyses that generate Figure 1.
Data_Table_S2.xlIsx (separate file)

The associated metadata for the samples deposited in the ENA repository PRIEB59240.
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Supplementary Questionnaire

Pakistan Microbiome Initiative
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A.OFFICIAL USE ONLY

Inspection Date and Time:

Gut Kit ID:

Note: You may decline to answer any question.

B. BIOGRAPHICAL DATA

Name: E-mail;
Phone no: Gender:
Age: Marital Status:

No. of family members living in the household:

City of Birth: Current City:

Ethnicity: Caste:

C.VITAL SIGNS

Height (in): Weight (kg):

Blood Glucose (mg/dl): Pulse Rate (per min):

BMI (kg/m?):
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Temperature (F): Blood Pressure (mmHg):

D. EXCLUSION CHECKLIST (If yvou answer ‘Yes’ to any question from 1-17, please do not proceed with the

questionnaire).

Question

Yes

No

Are you aged below 18?

Is your BMI <18 or >30 Kg/m??

Have you taken any antibiotics in the last 3 months?

B W~

Have you taken any multivitamins or dietary supplements in the last 1 month?
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5 | Do you have (or had) acute or chronic diarrhea in the last 2 months?

6 | Do you have history of hypertension, colon cancer, or inflammatory bowel
disease?

7 | Are you lactose or gluten intolerant?

8 | Are you allergic to any food?

9 | Do you have irregular menstrual cycles (that is less than 21 or more than
35 days apart)?

0 Are you pregnant or lactating?

11 | Have you been vaccinated for any disease in the last 3 months?

12 | Do you currently have urinary tract infection?

13 | Do you consume any recreational drugs like smoking, marijuana?

14 | Have you travelled internationally in the last 6 months?

15 dHa\‘/?e you had bloody stools, constipation, dizziness, or fever in the last 14
ays’

16 D};d you contract COVID-19 in the last 3-6 months?

17 | Have you been diagnosed with any chronic (that lasts one year or more)
medical or dental condition(s)?

E.DIETARY HABITS

Question Yes | No | N/A

No answer

Do you eat breakfast on at least 5 days each week?

Do you eat lunch on at least 5 days each week?

Do you eat dinner on at least 5 days each week?

Do you consume snacks in between meals?

Do you consume honey regularly?

Do you eat goat and/or lamb meat regularly?

Do you eat chicken regularly?

Do you eat fish regularly?

Do you eat beef regularly?

Do you eat rice regularly?

Do you eat naan/roti on at least 5 days each week?

| |
Do 2o ®Qa i &= 4

Do you eat vegetables regularly?

[
w

Do you consume “junk food” (e.g. fried chicken burgers,
pizza) at least twice every week?

[y
=

Do you consume any of the following probiotics every
day? Please tick mark.

e Yogurt

e Pickles

e Soft cheese

e Buttermilk

15

Do you consume any of the following prebiotics every
day? Please tick mark.

e Maple syrup

e Dark chocolate

e Asparagus
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e QOatmeal
e Legumes

16 | Do you consume eggs every day?

17 | Do you consume following dairy products every day?
please tick mark.
e Bread
Milk
Butter
Cream
Lassi
Cheese
Desi ghee

18 | Do you eat fresh fruits every day?

19 | Do you consume dry fruits 2 or more times a week?

20 | Do you smoke regularly?

21 | Do a family member or friend you are in constant contact
with (>2 hours a day) smoke in your presence?

22 | Do you consume alcohol regularly?

23 | Do you consume tea every day?

24 | How many cups of tea do you consume per day?
> 0

> 1
> 2
> 3
» More than 3

25 | Do you consume coffee every day?

26 | How many cups of coffee do you consume per day?
>

> 1
> 2
> 3
» More than 3

27.How often do you eat dinner outside instead of eating/cooking at home?
(a) Once a week (b) Between 2-4 times a week
(c) Everyday (d) Rarely

28. What best describe your diet?

(a) Vegetarian only and no meat

(b) No beef and no goat but consume chicken/fish
(c) All kinds of meat and vegetables

(d) Eat vegetables and meat but no dairy products

29. How often do you eat Samosa, pakora and other deep-fried food items in a

week?
(a) Once a week (b) Between 2-4 times a week
(c) Everyday (d) Rarely

30. How often do you eat sugary foods (e.g. halwa, desserts, kheer, ice-cream, etc.)
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in a week?
(a) Once a week (b) Between 2-4 times a week
(c) Everyday (d) Rarely

31.How often do you take juices or other sugary drinks (e.g. lemonade, Rooh
Afza, soft drinks, etc.) in a week?

(a) Once a week (b) Between 2-4 times a week

(c) Everyday (d) Rarely

F. MEDICAL HEALTH QUESTIONAIRE

# | Question Yes (No | N/A | No answer

Did you gain or lost weight recently?

Did you get your appendix removed?

Do you experience acid reflux?

Do you experience gut flare-ups (Sudden
pain, or outburst in gut)?

Have you had your colon cleansed in the past
week?

=) )] B W N -

Have you ever used any medication or home
remedies to prevent or treat constipation?
Please mention if known.

|

Do you experience lethargy or general
malaise?

8 Did you suffer from parasitic infection
(tapeworm etc.) during childhood?

9 | If so, had you undergone any treatment for
parasitic infection?

10 | Did you suffer from anemia in the past?

11 | Did you have any craving for
soil/chalk/sand/ or other non-food items
in the past?

12 | Are you allergic to any of the following
food items? If yes, please tick mark
e Soybeans.

e Peanuts.

e Milk.

e Wheat.

o Eggs.

e Fish (bass, flounder and cod)

e Shellfish (crab, crayfish, lobster
and shrimp)

e Tree nuts (almonds, walnuts and
pecans)

13 | Do you have any of the following
problems?

» Celiac disease
» Lactose sensitivity
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14 | Were you given antibiotics as a child?

15 | Were you breastfed as an infant?

16 | What was your mode of birth (C-section
or natural), if known.

17 | Do you have trouble biting or chewing certain
foods (apples, meat)?

18 | Do you have trouble swallowing?

19 | Have you had your tonsils removed?

20 | Do you regularly experience throat issues
(e.g. sore throat, flu?

21 | Is your mouth dry?

22 | Do you have bad breath?

G.GENERAL QUESTIONS

B S

Question Yes | No| N/A No answer

Do you exercise regularly?

Do you have children?

Do you have pets?

Do you have contact with livestock?

Do you go to the dentist at least once a year?

Do you share your toothbrush with anyone?

Do you share your bathroom/toilet?

Do you feel you are becoming healthier?

OR[N W NI -

Do you feel you are becoming unhealthier?

10. How often do you poop?

(a) Once in 2-3 days (b) Once every day (c) 2-3 times a day
11. How do you feel during bowel movement?

(a) Good or very good (b) Moderate (c) Poor or painful
12. Have you felt abdominal pain in the last 2 days?

(a) Yes-extreme (b) Yes-moderate

(c) Yes-Slight (d) No-not recently

13. What is your main source of drinking water?

(a) Tap (b) Filtered

(c) Bottled (d) Mineral

14. During sampling, did you have any of the following symptoms?

(a) Bloody stools (b) Constipation (c) Dizziness

(d) Fever (e) Diarrhea (f) Insomnia
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(g) Migraine (h) Stomach pain (1) Rash
(j) Headache

15. How often do you get sick?

(a) Never (b) Rarely (c) Sometimes
(d) Frequently (e) All the time

16. What best describes your employment status?

(a) Full-time (b) Self-employed (c) Part-time
(d) Unemployed (e) Student (f) Retired

17. How many hours per week do you work?

(a) Less than 20 (b) 20-40

(c) 40-60 (d) more than 60

18. What best describes your relationship status?

(a) Single (b) Married (c) In a relationship/Engaged
(d) Separated/Divorced (e) Widowed

19. How do you identify yourself as a person?

(a) Very social and friendly (b) Sometimes social and sometimes friendly
(c) Shy and introvert (d) Social only with very close friends
(e) Stressed at the prospect of social gatherings

20. What is your occupation (or occupation of parent/legal guardian)?

(a) Academia (b) Labor force
(c) Military (d) Personal business
(e) Agriculture (f) Unemployed

21. What is your monthly income (or income of parent/guardian)?
(a) <20,000 PKR (b) Between 20,000 and 60,000 PKR
(c) Between 60,000 and 120,000 PKR (d) >120,000 PKR

22. What best describes your socioeconomic status?

(a) Lower class (b) Lower middle class (c) Middle class
(d) Upper middle class (e) Upper Class

23. What is the highest level of education you completed?

(a) Did not go to school (b) Matriculation (c) Intermediate

(d) Bachelor degree (e) Masters (f) Doctorate

24. In general, how would you describe your health?
(a) Excellent (b) Good (c) Moderately healthy
(d) Poor (e) Terrible

25. Do you take naps?
(a) Yes-usually (b) Yes-sometimes (c¢) No-never
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26. How much sleep do you get every night, on average?

(a) Less than 4 hours (b) 4-6 hours

(c) 6-8 hours (d) More than 8 hours

27. Do you have trouble falling asleep?

(a) Yes-always (b) Yes-sometimes

(c) Yes-Usually (d) No-never

28.Do you have trouble getting back to sleep once you're awake?

(a) Yes-always (b) Yes-sometimes

(c) Yes-usually (d) No-never

29.How much anxious have you felt in the past 1 week?

(a) Extremely (b) Moderately

(c) Slightly (d) Not at all

30.How much happy have you felt in the past 1 week?

(a) Extremely (b) Moderately

(c) Slightly (d) Not at all

31.How much stressed have you felt in the past 1 week?

(a) Extremely (b) Moderately

(c) Slightly (d) Not at all

32.How much healthy have you felt in the past 1 week?

(a) Extremely (b) Moderately

(c) Slightly (d) Not at all

33.How much tired have you felt in the past 1 week?

(a) Extremely (b) Moderately

(c) Slightly (d) Not at all

34. Have you had any headaches in the past 1 week?

(a) Yes-regularly (b) Yes-sometimes (c) No

35. How often do you brush your teeth?

(a) Once a day (b) Twice a day (c) More than twice a day
(d) Occasionally (e) Never

36. What do you use for cleaning your teeth/Mouth ?

(a) Miswak (b) Powder (c) Toothpaste

(d) Gargling (e) Mouthwash (f) None of the above
37. Have you been diagnosed with any of these sexually transmitted diseases?
(a) Chlamydia (b) Gonorrhea (c) Genital herpes
(d) Genital warts (e) HIV () Syphilis

(g) None of the above
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38. How many times have you visited your doctor in the past year?
(a) 0-3 (b) 3-6 (c)>6

39. How many major surgeries (requiring anesthesia) have you had in your life?
(a) 0-3 (b) 3-6
(c) 6-9 (d)>10

40. Have you been vaccinated with following vaccines? If yes, then please mention the
vaccination date in the text box if known.

(a) BCG (b) MMR (c) Polio
(d) Hepatitis B (e) COVID-19 (f) Rabies
(g) Other (h) None of the above
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