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Abstract

The recent prevalence of Asian American (AA) adults of disaggregated ethnic groups with mild to severe mental
distress receiving professional mental health treatment is largely unknown. Using self-reports from 381,989 respondents
in the 2006-2018 National Health Interview Survey, we found that AA ethnic subgroups had twice the reported severe
mental distress than non-Hispanic Whites. AA ethnic subgroups were half as less likely to visit mental health
professionals than non-Hispanic whites (NHW) with matched mental distress levels, after controlling for
sociodemographic variables. Respondents who were born in the U.S. were more likely to visit a mental health
professional than those who were not. Respondents over 65 were less likely to visit a mental health professional than
any other age group. Overall, the lower prevalence of mental health service utilization for increasing mental distress
among Asian Indian, Chinese, and Filipino American individuals (in comparison to NHWs) may indicate a need for

culturally-specific mental health education and outreach efforts.

Keywords: Asian American, psychological distress, mental health service utilization, NHIS, disparities

1. Introduction

As a single group, Asian Americans have
significantly lower utilization of mental health services
than almost all other racial and ethnocultural groups,
except for African Americans (Augsberger et al., 2015;
Cheng et al., 2017; Kim, 2011; Lee et al., 2011; Sue et
al., 2012). Asian Americans generally report lower
prevalence of both general mental health disorders and
their severities as compared to other racial groups
(Alvarez et al., 2019; Cheng et al., 2017; Lee et al.,
2011; Sue et al., 2012).

The decreased mental health disorder prevalence is
postulated to be an underreporting due to a well-known
cultural stigma against the acknowledgment of mental
health issues, which can lead to further decrements
in receiving proper treatment (Augsberger et al., 2015;
Sue et al., 2012). Considerable variation in mental
health disorder prevalence and care utilization may exist
between AA subgroups. However, most studies fail to
look closely at individual Asian subgroups, which vary
considerably in country of origin and cultural
influences, and which may affect mental health disorder
development and mental health care service utilization.

In this study, our team explored the prevalence of
mental distress and mental health service utilization in
Asian American (AA) adults (overall and by three major

subgroups) in comparison to their non-Hispanic White
counterparts of the same age, sex, and socioeconomic
status, with the same severity of mental distress.
Secondarily, we also compared rates of Asian
Americans with mental distress with other major racial
and ethnic groups.

2 Method
2.1 IRB & Funding

This study was determined to be non-human
subjects research by Stanford Institutional Review
Board (Protocol #: 57474; Protocol Title: Racial and
Ethnic Differences in National Health Interview Survey
Dataset). This study was funded by the Stanford Center
for Asian Health Research and Education. Research
reported in this publication was supported by the
National Center For Advancing Translational Sciences
of the National Institutes of Health under Award
Number UL1TR003142. The content is solely the
responsibility of the authors and does not necessarily
represent the official views of the National Institutes of
Health.

2.2 Study Design, Data Source, and Variables
We conducted an observational, cross-sectional
study consisting of publicly available data in the



National Health Interview Surveys (NHIS) from 2006 to
2018.

We utilized social and demographic NHIS
variables within the NHIS Sample Adult and Person
files including race/ethnicity, age, sex, place of
birth/nativity, highest education attainment and family
income. We included medical information such as self-
reported health status, self-reported mental distress
(Kessler-6), and any professional mental health service
utilization within the last 12 months.

The Kessler-6 (K6) scale was used to identify non-
specific psychological distress, based on the responses
to a set of six standardized questions (Kessler et al.,
2002).

2.3 Statistical Analysis

Descriptive bivariate statistical analyses were
performed for race against all other variables. Simple
time series analyses were performed to study the trends
in mild to severe mental distress among Asian ethnic
groups and non-Hispanic whites from 2006 to 2018. We
pooled the cross sectional data from all years and used
multiple logistic regression analysis to compare the
utilization of mental health services among Asian ethnic
groups with non-Hispanic-white adults. In a stepwise
fashion, we controlled for sociodemographic
characteristics and other potential confounders. All
statistical analyses were weighted to account for the
NHIS cluster sampling method.

3. Results
3.1 Mental Health Distress

The prevalence of mental distress was highest
among NHWs for all mental distress categories
(mild=38.5%, moderate=11.3%, severe=4.4%). The
ratio of reported mental distress between NHWs and AA
groups was especially prominent within the severe
category (Kessler-6 >12), where the proportion of
NHWs who reported severe mental health distress were
double that of Asian Indians (2.1%) and Chinese (2.2%),
and 1.5 times that of Filipinos (2.9%).
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Figure 1: Increasing Mental Distress Among 13,642 Asians and
268,740 non-Hispanic whites in the National Health Interview Survey,
2006-2018

Figure 1 displays the prevalence for self-reported
mild to severe mental distress for AA subgroups and
NHWs from 2006 to 2018. Overall, we observed a 9%
increase in mental distress for all groups (Pearson’s
Correlation: 0.44, p < 0.05). Although the prevalence of
self-reported mental distress was lower among AA
subgroups, mental distress increased significantly for all
AA subgroups (Asian Indian: Pearson’s Correlation
0.63, p =0.02; Chinese: 0.77, p < 0.05; Filipino: 0.77, p
< 0.05) and NHWs (0.75, p < 0.05) from 2006 to 2018.
Among the four racial groups, Chinese had the highest
rate of increase, closely followed by Filipinos. The
trends were similar for Asian Indians and NHWs.

3.2 Mental Health Service Utilization

Mental health service utilization rate was the
highest among NHWs, with 8.4% reporting to have
visited a mental health professional within the past
year -- nearly double that of Filipinos (4.4%) and
nearly triple that of Asian Indians (2.8%) and Chinese
(3.3%).
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Figure 2: Mental Health Service Utilization Among 13,846 Asians and
271,837 non-Hispanic whites in the National Health Interview Survey,
2006-2018

Figure 2 displays the trends for mental health
service utilization among AA subgroups and NHWs
from 2006 to 2018. Despite an average increase of 9%
in mental distress for all groups over this 13-year time
frame, we found almost no increase in mental health
service utilization for Asian Indians (Pearson's
Correlation: 0.28, p=0.36) and Chinese (0.13, p =
0.67). Although Filipinos (0.73, p < 0.05) and NHWs
(0.84, p < 0.05) exhibited closer degrees of increase in
mental health service utilization, this was not
proportional to the increase in mental distress.

Figure 3 displays the results of our final multiple
logistic regression results. Asian Indians (AOR=0.51,
95% CI=10.37, 0.69]), Filipino (AOR=0.61, 95% CI =
[0.49, 0.76]), and Chinese (AOR=0.54, 95% CI =[0.42,
0.69]) subgroups had significantly lower odds of
utilizing mental health services compared to non-
Hispanic Whites, after controlling for socio-
demographic variables and health related variables.

People who were 65 years old or older (AOR=0.32,
95% CI =10.29, 0.36]) were significantly less likely to
visit a mental health professional than people who were



18 ~ 25 years old. People with a college education
(AOR=1.91, 95% CI =[1.76, 2.08]) were significantly
more likely to visit a mental health professional than
people with less than high school education. People who
were born in the United States (AOR=1.62, 95% CI =
[1.48, 1.75]) were significantly more likely to visit a
mental health professional than people who were born
outside the United States. Finally, populations who had
health insurance coverage (AOR=1.95, 95% CI =[1.80,
2.11]) were more likely to utilize professional mental
health services than people without health insurance
coverage.

4. Discussion

From 2006-2018, Asian Indian and Chinese
populations living in the United States have had little to
no change in self-reported mental health service
utilization, despite rising rates of mental distress
reported in the literature for these two Asian subgroups.
These Asian Americans comprise some of the most at-
risk American populations regarding effects of mental
health issues (Augsberger et al., 2015; Choi et al., 2016;
Derr, 2015; Sue et al., 2012). While the three Asian
subgroups vary in their mental health distress, overall,
all AA subgroups have lower self-reported incidence
and lower severity of mental distress than NHWs. AA
subgroups had lower mental health service utilization
than NHWs, even when adjusting for socio-
demographic factors.

Having or reporting a mental health issue is a
culturally stigmatizing issue in many AA communities,
and these issues are often felt to be a sign of personal
weakness which may bring dishonor or “shame” to a
family’s reputation (Augsberger et al., 2015; Choi et al.,
2016; Kim, 2011; Sue et al., 2012). As such, the
increase in reported rates of mental health distress might
be due to a greater willingness to report mental distress,
or a true increase in mental distress. In this study, Asian
Indians reported the lowest prevalence of mental distress
and the lowest utilization of mental health services.
Despite this, however, South Asian women have some
of the highest suicide ideation and depression rates in
the United States (Augsberger et al., 2015; Choi et al.,
2016; Karasz et al., 2019; Sue et al., 2012). With a large
immigrant population, Asian Indians may experience
difficulty in assimilating to the new host culture, which
can include the concealment of mental health issues,
utilization of alternative resources, and beliefs that
American mental health professionals may not
understand their problems and experiences (Augsberger
et al., 2015; Choi et al., 2016; Derr, 2015; Sue et al.,
2012; Tsai-Chae & Nagata, 2008).

In our study, while Chinese Americans showed
similar rates of increasing mental distress as Filipinos,
they had a much lower prevalence of mental health
service utilization. These differences could indicate
decreased stigma towards recognizing mental distress in
the Chinese American population, but a continued fear
of the potential consequences of receiving help. Nativity
status may play a role in both reporting and seeking care

for mental distress. We found that Chinese and Filipino
Americans also have a larger U.S.-born proportion than
Asian Indians (21.3% and 34.5%, respectively, vs.
8.1%), which may indicate greater internal conflict,
especially between [immigrant] parents and college-
aged [native-born] children, potentially due to
differences in lifestyle and differing rates of assimilating
to the host culture (Choi et al., 2016; Tsai-Chae &
Nagata, 2008; Wyatt et al., 2015).

Finally, Filipino Americans showed similar rates of
increase in both reporting mental distress and in
utilizing mental health services as NHWs, perhaps
because many have been born in the United States and
have adopted viewpoints of the host culture regarding
the importance of mental health treatment. Amongst
Asians, Filipino young adults (18-25 year old age) are
the only AA age subgroup with the majority of its
population born in the United States. Previous research
has shown that mental health utilization patterns among
the 1.5 (those who arrived in the United States as
children or adolescents) or 2nd generation are similar to
those of immigrants. These studies illustrate that mental
health service utilization usually starts increasing with
the 3rd generation (Augsberger et al., 2015; Choi et al.,
2016; G. Kim et al., 2011; Tsai-Chae & Nagata, 2008).

Ethic groups often have better mental health
outcomes with programs tailored to their specific
culture. Many agencies who provide Asian mental
health services serve a predominantly Medicaid
population or historically marginalized populations, like
non-South Asian people of color (John et al., 2012).
Since many Asian Americans live in middle to high
income households, have obtained at least a college
degree, and have medical insurance, they may be
paradoxically unaware or unable to access Asian-
specific mental health services. Furthermore, even when
these resources are readily available, they may not be
well-known to the public and advertised broadly
(Augsberger et al., 2015; E. Kim, 2011).

Our study has several limitations. Observational
studies only support association, and cannot indicate
causation between reporting and seeking mental health
services. Second, NHIS undersampled Asians relative to
other groups, potentially obscuring important
associations in geographic and cultural differences
impacting mental distress and care seeking. Third, the
Kessler-6 scale is culturally specific to capture how
mental health distress presents in the non-Hispanic
White population. For many Asians, mental health
distress may present as somatic symptoms of headache,
fatigue, GI distress, insomnia or pain, again potentially
leading to under-capturing of the true rates of mental
health distress amongst Asians.

Despite these limitations, our study provides
insight into the state of mental health distress and
mental health service utilization by Asian subgroups
living in America over the past decade. We found that
while rates of reported mental health distress are rising
amongst Asian Americans, rates of mental health
service utilization has not increased for people of Asian



Indians or Chinese descent. With rising suicide rates
amongst Asian subgroups, this study points to the
critical importance of normalizing issues of mental
health service utilization amongst Asians, with attention
to mental health awareness, stigma reduction, and
community outreach regarding culturally specific
resources.
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Figure 3: Likelihood of Using Mental Health Services by Asians and
non-Hispanic whites in the National Health Interview Survey, 2006-
2018 (weighted adjusted odds ratios)
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HETOMIIHRFEIN T DEMIEEID 1 DT
BV, TEAF—RIE NG RO,
DUFR7p EAMMERFICKEATH DD, TDOA =X
DIR853, HEIRICES T 2 mAiE THER
PR | &R S A, 1B MER 72 BEIR 0 FLALCBR 5 HEIA],
DRI L - THEHEIND. MEIRREE O BE X
FEINIZHY 3,000 7N, ZAUZEE D RRFEHE IITERKY
3.5 kHICH BB, 2oz, HERIZKT 54421
B & MEARPE EVE A~ DT ENEHE > TS, L
LBLR & LT, MEIREEE ORI IXMEIREAH 72 &
DRPEFIEN KA TH Y, ZHRA IR RERIEN 72
W20, BT 7 0 —F 12 K DR ITIBNEIE OMEST AN
PENTWD. 22T, WM ROZFDR T
THHIBNHIEFEICEH L. I E Bk EmRe
BT EI L, FOTHRNCERGZEEIT, AR
THEMEZ MR T 2 TH Y, TOBRERNLIE
1T T3 2 O] EMFEEIND. T4, ZORRIZEN
MENEHE L CWD Z EBRHLNI 2> TS, B
WHIE# &I ZBNICEET 2ME ORI CTH Y, 15

#=R° TGP #-15- KB (MGB axis)] & U 9 #2#
EIGH LIk 2 B~ 7 7 —F ik b
TWA. £ T, AL CIIEEED 1| > Th 5l
iR EBNMEZEICOHEAIER S 5 &G Z LT
7=, BRI, BER U XA L IGPNHHE #E O B 7 &3
HFEINTWDHD, EHEEEESC A 7 = X AITDNT
IR TH D, (o T, MEIR & BPNAE O E
7B E I ST 5 2 & C, HEREE A~
BT —FNHT L EHFEINnS.

J 5. Brain

@ “,_)- ° (sleep regulation)
—n L

1 1 ! Metabolite...?

| :', l‘ﬁ Y
| ¢ | epithelial

\

.Y il i PR cells
SN Iy
Lo Le il
Gut microbes and their metabolites

X 1: AFFRAE

MENAREE & BEIRFERE DS E 72 E 20 L CH AL B % &
FELE->TWAEIEL, ZOREA D =X NERAT 52 &
ZEIIE LTS,

Intestinal




2 Bk
2.1 FERREETF N~ ZADER
AFSE TIZ AR (Sleep deprivation, SD)% F\ N CHiE
IRAREET N~ AZ{ER L7, SD (ZI3EEARIC
I — U A (Cage change, CC)% FHV 7=, BRI
6 RFHI(ZT0-6) % Tl S HftiT 72912, 1 Rl &
=R EAT o T2, 7 — VAT S
LT — R ONRE A AW, r— U733 L R
WL ATV, MEIRIREE(E 2B U, SR LA L
JJ: L TV R SN T RED B~ 7 A 248 L < Al
% (Gentle handling, GH) L, RERRAEZHERE L 7=, 72
B, r—YRMZEDSDIET = My R >
T D&HD SD & [A C/AKMEDMERANE 25| E T2
EBRbhoTnS. LrL, KEREZITY T, %
¥ 3 KEfIE CC 72 TIIAR 0 Th D Ll L= 72
», GH bbb TiT72-7-.

2.2 EBRFIR

30VC D7 ERDCSTBL/OIIENE~ T A ZAEH L, 4
TO~ T AZKIEK L BER(AIN-93G, HAZ L
TYZTHM B HREBREE-%, EBRaMH L
(Day0). Control(AIN-93G), Crude Fiber(CE-2, HA
7 L7 4t), HighFat(D12492, V¥ —F XA v I)
DOIFFFEOREEZ A BRI E/-~ 7 2 % 3 HEER
FE(SD-) & WHlREE(SDHIZ A7, KHEn=5, FHefE T3
Bra1T-72(X2a). 14H H E TIEISDZE{THT, B
IC L DB A &~ 7. 14B % 57HM, SD(+)
D3FETIISDAEATVY, SD (1) D3FEIT H FHIEIR <8 7-.
F(EILEBRBAL50, 7, 13~20H B> 7V 7L
72(1X2b). PRI A THWIBRLAE R (ZTO)NZATVY,
16S rRNAE (= TRHTICIZ0, 14, 17, 20H B O#fE
TN EMH L. 72, 208 B OSD(ZT6-9)i12

A 24TV, A Z R o — AT CHW-BIENEY
BEte, HEALOY TN T AT

2.3 MiSeq#% FA\ 7216S rRNAEG FARHT

VAR U7 3#EE ) > 7 A0 BDNAZFhH L, ikt
v —7r v —MiSeq(Illumina) = W T T > 7Y @2
=l AER T T
DNAf 13 H BIDNAR 25 E PI-480( 7 7 AR v 4h) &
FUNTITVY, NanoDrop 2 OVEESWKENIZ K - CTIREE &
YA AOMREIT-T=. TDk, BNHEDI6S
RNABE IR 2 == LT T ~v—%
FAVNT16S rRNAE G+ D HEIE 217 > 7=, QIAxcel
Advanced System( 7 %7 2 & T, PCREEWDHY
W 2 g8 L 72, BB AWKENZ CPCRIC & - THERE L 72
VI1-V25E1E T & 5 400-450bp (2 51T 5 /3 RO F
THIWF L 7=. PCRIZ L - CTHIME L 72168 rRNAE =1
Wrhiz, s —2 % —MiSeq(llluminafh)iZ &
Hy—J T ATHELEINDT XTI —FO%
DNAEH 2353 5 72D DIndex & 19 B 728D
Index PCRZAT-o7=. FER L, IREAH— L%, B
JEZZBAR e A B EHT - Mat TR O )

?DF, MiSeq% VT, Index PCREEMIZE £ 5168
RNAE /G T 21T > 7=, 3 —7% > AZluminatt:
WRTT 8 kaiito Tiroiz. X7 R Ty
— v A ST RS 2 FLASH(Version 1.2.11)IZ
XoTT7 U7 LE. o= T—#IX
Qiime(Version 1.9.1) 12 X » T, ¥ — & X — R
Greengene % F\ N CTHENT L 7=.

24 X Z2Bu—ABIE - BT
BBNEDEY T LELT, ¥y ET Y —ER
Uk B — AT B [ T E & 4> At F (Capillary
Electrophoresis Time-of-Flight Mass Spectrometry, CE-
TOFMS) % W T A Z R b — Mt & F i L 7-.
CE-TOFMS|E 5 ¥ &' 7 U —® 5 vk 8 & AT I [ 2
HEoNRt 2 A e b T EE TH Y, A 4
MDA RNREHY 2 MENIRERHET 2F
NI —NTh 2. WEITEERBR IR mE
SEWTTERT - TR ARG, IR T RIS 1 ) & THU M 2.
3 BT — ¥ [ZMaster Hands(ver. 2.17.3.18) % fu»
TEe—7mt Ly 21Ty, HEEML (m/z) a
Migration time % STl AV E DR E 21T > 72
WZBAL T, [RIRFICEKE) L 72 R MEE (catlon%
— I : Methionine sulfone, anion&— [ : CSA)?D &"—
7 RN DIREZ R L.
A B R — AT —v & LT MetaboAnalyst% H
VM7=, MetaboAnalystiZWeb | CTHEHE X4 T B AT
Y=L C, BAGHWEIRE Z Tl ARICEE LTy
6fﬁiﬁf%iﬁ5<@*ﬁu“jﬁ§7 ETHDH. A XA v — LR
X VLN IR E IR & eI R aH AT,
Metabohte Set Enrichmentfi#47, PathwayfEAT 217> 7=.
a

n=5 SD (=) SD (+)

Control

e AR
a4
£

y iy
= &Y &

b Diet sDJ N Yiviiid
Control - ‘ - !
Control + | a—

Crude Fiber — [ i ]

Crude Fiber + | —
High Fat — | ]
High Fat + [ .—4

2

1
Day 0 7 14 20

Acclimation J, Fecal Sampling = <> SD
2 : BV
a: FBREEOME. 3 FEEOBEHIZENEN SD (HEEL SD (HFE
ZHEL, i 6H =5 THEREITo/. b FERA Y a—.
EEBROZA LT A U ER LTZ, 2TOFIZONT, FEEREIS 0,
7, 13~20 H BIZ#EHEZITo 72,



3 R
3.1 FBPAHE AT

BRI L 7= 3 > 7 NV O SR 21T, B
~ULDOMMERET — ZI2HOWT, &80, 14, 17, 20H
HOMBEOI AT 72, fERE LT, BEICED
AU AR D2 L3 BLEL S 7= (K3a). WKIZ, THIH
DIC K 2B ~ DR ZFE L <BIET D720
20H H DR V-~V OMIE T — Z IO T, %ﬁéﬁ
ZBT HSDEE L SD(HFEM DI A AT 7. £ D
MR, AERENRO LN MERNFRFEFE L
(X3b). ControllZ TSD(-)#f & SD(H)FEMH TH EIZAF
EENEEHTHIMERII o772 DO, Crude
Fiber{Z 3 TIESD(H)FEIZ T Adlercreutzia > H B
WML, Clostridium?3\ B2 L=, % 7-High Fat

Tb, SDHEEZRY \’CAdlercreutzzaiJ) Bl
72(1X3c).
a
m Others
= Sphingomonadaceae
= Prevoteflaceae
» Clostridiaceae
» Peptococcaceae
. Eubacteriaceae
8 g RF39_unclassfied
§ § * Mogibacteriaceae
3 § = Dehalobacteriaceae
§§ . w Bacteroidales_Other
23 m Other
E L] = Clostridiales_Other
g Turichacteraceae
» Lachnospiraceae
m Ruminococcaceae
= Rikenellaceae
Streptococcaceae
S24-7
Bacteroidaceae
Doy §W1T2 01N HOUTNO WO MTDEUTN lestndaIes unclassfied
Dot | Control  Comsl  CrmaFher Crude Fose LT =l

s |

b

L] HEN

CE2 Adlercreutzia

CE2 Clostridium
HF Adlercreutzia

‘T
=

EEAERY (Fi9isD %)  SON (FiS(HisD%) P
0.000840.0000 0410020.0007 00114
0.046240.0001 0,000020.0000 0.0207
0.016520.0004 0535220.0014 0.0353

Jr g

Relative abundance of Adlercreutzia
Relative abundance of Clostridium
Relative abundance of Adlercreutzia

—— — o] —

Crude Fiber Crude Fiber

X3 : HﬁﬂE?ﬁﬂk X 6)15?%&1%%%&52%&

a: MIEEZ & OIBARE SRR, RSB T D EE2040
R Z & ORI & Ll L 7=, Othersid = 2040 # £
DA OMEROEFHTHD. b SDIZ & > TIHERIZE(LAFR
O HNT-HEE—E. FYEIIAEE100E L-REoFE T
(%) ThH5. c: SD J: LHEBEVND > T-MEBOFER. BHHE
BEAREE 2 OSDEEICE 1T 2 2R E2 1008 LIZROFERE R T

3.2 A Z R u—AERT

B PN L D A A B~ D 58 & T AT
L2 LT EBNEW Y 7% Fn T A

Crude Fiber Crude Fiber High Fat  High Fal

HRu— LT 21T 572, SDIC X » TEE L71R
AR 2 B 5 T T D 72 8 1T Metabolite Set
Enrichmentf#Afr 217V, Z28) L 72 R & &
I E D BEE L TV A 0 E IR 5
72 ¥ 2 Pathway it 1T > 72. 5 — % ~— A [IKEGG
Pathway(Version 93.0)Zffi fH L T\ 5. it —b
MetaboAnalyst % F \ 7= Pathway fEAT Cld M H S 1
TARBWE LKEGGT — ¥ X— R &AL, /NAY
= A EREG T, ZOHEMEHDEOLH T — 4
EmaL, 72t L Wb, HREIZEN
T, SD (-)&SD (H)DHTh#k %1 T >7-. Control &
High Fat CSDA fEIZ L > THEIZZEDN & U, Pathway
Impact?’¥ & % @ [ Vitamin B6#% & & Tryptophan {7
& Td o 7. Crude Fiber CITHEIZENH Y,
Pathway Impact?® & % #1372 5> > 72 Vitamin B6#%
& @ i T & % Pyridoxamine 5'-phosphate(KEGG :
C00647) , Tryptophan fX &#f % & © E it T & 5
Tryptophan(KEGG : C00078) &x "% @ T il & %
Anthranilate(KEGG : C00108)D iE &7 — % % SDA
Tl LA, AEREENO-T-.
Pyridoxamine 5'-phosphate (% 4# CSDIZ & 2 B i
M2 & - 72(Kl4a). F7=, TryptophaniIHigh FatiZi3
WTSDIZ K DA E B2 Y, Crude FiberlZIs 0
TIUMETR 23 & - 72 (IX14b). Anthranilate]XHigh Fat|Z
BUWTSDIZ L 5 H B 034 Uz ([K4b).

a Vitamin B6 metabolism

€06055 cooe27 -

Pyridoxamine 5'-phosphate

\ / O\ ™ (KEGG : C00847)
v ¥ N oL \ "
COo6054 o034 Cooo18 C00534 0
". A )',' a0
ot - =0
S R
AN(-| AINP+| CEX.) CE2i*) HF| HFi+}
Coosar
Tryptophan
- (KEGG - C00078) 4

b  Tryptophan metabolism

£ 'i
3
& 2m
" B
e I .
» B 1
o

C02700 COo0G98 Co0a3)

NG| AN CER)  CEXY  HF(|  HE(+)

NN
N

coszzr corzsz (N coossa § a0

:ml—-. .

Anthranilate
(KEGG COOlOB);

AL AIN(4) CE2t) CE2(+] HF() MR

X 4 : Pathway T ICEB WV CTHBENRD b RK

a : Vitamin B6 #&# K& ORI 1 ifilZ & 2 Pyridoxamine 5'-phosphate
DERE. b: PU T M7 7 AREREROCRE LRICH D
Tryptophan & ONZ D Tl & % Anthranilate O, (Pathway
Impact >0 7>> P<0.05, *P<0.05, ***P<0.001)



4 B

MER AR EET L~ 22 HWEEREIY, SDIZ
X B %N Clostridium & Adlercreutzia DA B 72 7 1E &
FACD HeRB iz,
Clostridium!¥ClostridiaffdClostridiales H IZJ& L, E&f&
BEARE LTHLNTEY, BE OREKEEZ R
L, RAEDOIHICHAEERRE D ERAIZ@ < Z &n
Wl SN TS, RKEBRD A HZ R o — MM R
FU T % Crude Fiber i CHERE DAFAERD)Z <, SDIT
X o THEIGHRIRICEB N H -T2, £z, A5k,
Clostridium¥Crude Fiber F TIIEINT 5 Z & 23h»
S>TW%. LML, CrudeFiber(+)# Tl £ DT
b S holz. Lo T, SDICk»T
Clostridium DWWV NBI & - ShiztEZ N5,
— 5, SDIT X o TH# N U 7= Adlercreutzia IX
CoriobacteriaffdEggerthellales H IZJ& L, KEA V7 7
RUNCEENDXABA v A — VI
HIERTED A VELAEHELTHOLNT
BY, TuoAF T4 7 AL LTINS
Adlercreutzial3 F HER % < & 7-Crude Fiber(-)# C

I E RO -2 TOEE T BRI Rno 7.

L7 L, Crude Fiber (+)f CTiZ4 T OMEK CTEEK
0.41%1FAE LT =. 7=, SDIZ X b Adlercreutzia®
HNIXHigh Fat (HFE T HBIE S 4L, 2 TOREIKTFE
YI590.53%(F4E LT\ =, OF Y, AdlercreutzialZSD
WL THEMTOETH D EEZ I, ANEITIER
& BB ATREME A RIR STz,

BIBNEY A Z R o — AT OFRER, SDIZL - T
JEPNAGIRR IR IC O EEZ RIFL TVWD Z ERHL
MmElRotz ¥R, U7 7 R L v X
2 VBRI IIA BICEHN S o -, IRl I
WTHEIR AN Z ORI ELE L2579 2 &
BINSHE SN TWD. SEIOERNS, HERAR
ENBRICBITE M) N7 70, B4 2 UB6fGHE
BB O E HEE L TS Z &R SN, K454
ThHOHIBNEREOENEARNTOEILL KELE
BLA> TWDHEEMENEZLND. LiEXY, 15
WERBEIZ K o TIEZREAR D 2L A3 258 0 Fll i & O HE I
ZHALTHRUZ N7 7 AR EZ 2 UBofk
H R HERE Y E O & 5 & i 2 A REMED U RIE
7=,

ARRL Y, MEIR &GP O AR E 58 < R
WXtz Ak, BEIR & RGPNAIE O M %2 B SRR
HIEBIR A BT 5 2 & T, IBNMEEZ T L
T2 BT O BEAR U R OMEST I &N 5 L A, 3]
ROPHREBLIRRDT T v 7Ry 7 AL EbR
% WERR O | IR AS 2 A7 < 7= 7efilm & /e b & 55
ZTCWN5.

5 #iEE
BEEFRBNREBOR AT 4 T HFZE R AT /NI
TR, BIERZBARFEIR AT « 7R T 80%

AR, BEFRBRFEREN WS & B

R S, THERED b LRI (TS © LSTE
E L R LEFET. £, WEERES,
IFESET 0 2w 7 NSRRI, (RIS R O
R OEIRIC k> TIPDIE L. T ML L
BFET.
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A i & M

HE

TR B (CO)IE—E DIREE ST CHUKIMEE 2 FF oIk L 72 0, ARBREE FIZB W TCHIBEK T T
TIRCODATRENEEFE A SN TWD . FAMTEA AT ORE A TIEBEL Y & ILWEPH TOWRIKRCO T
BB OFENTRE SN TS, BEMRMEEIC B TBUKMEREE C 5 2 IIRCOITME AT LIZ < W orER
DIFERRC, MK TIHER DLW EF DI TV B EMFEAE I B b B b5 6 DI TIC&RE & £ - 72 ATREMED
H AN, FIHHER TOWRMRCOUZ BT HHFEITAD 720, F 2 TR TR IRCO &2 W= EBRZ1T 95 72D D
EIEREAE L, ANTHKIRIRCOMOMEKETE LR BEUCE U CEBRMICHTH 2. ZOREE, WAKEE
JE#(Na, Mg, K, Ca)lZIEIFIEIECOUTHEL LR Z E RN o T, ABITEESBSCAEYIC OV TOHEROR
i 2 G, MIHIHIER THRIRCO M ST HIGER &AL BT R 72 LR B 2 B S i3 5.

F—U— F: {lIRCO,, EE, JTHRMER, (L, EmoiiLii

1 EHx

CTRER B (CONITRMBRLCER( N T AT A RA)D
RENILS BN TWD R, —EDREENSKMET
TR L 72D . IR & 72 5 72 COUFFER IRV ViR
PEFFOZ EDDABBEEO X 5 e BikEZ R L,
K OVEIREE X 1% A TdH % (Stone, 1943; Hyatt,
1984; Teng etal., 1997). BROUFHETIIIME N Z 7,
<~V 7 FHEI, LT/ Y = —1IET DN
< DMOEGKHE HIKEL T, WK FIZHIRCODiT
BENRE R I TS (Sakai et al., 1990; Konno et
al., 2006; Lupton et al., 2006; Stensland et al., 2019). =
AUD DIRIRCOE, IR TSI AIA A T2 1K DS HER
WX o TED LD L& RIRFIZEHOE A & KT
HZETYIHEDCOERY AL, £HLTT
T BUKS EH 2 BIC X AW ENERE TR A &l
T ETERSINEZEEBE LN TS, —F, &
ERHER TIIBEL D % < ODCOMRRUTIFEL
L ENTEY, WECH XD L DOCOMBEITIA
ATNZE &N D (Sleep,2010). 4 HF D MV S2H)RE
FENZ LW OEOHEE XN 223, BEROEH
WALEAT 5D KERO KK TITHAE L g L
T102> 525001 DCOENMFIET D EHEE ST
% (Catling and Zahnle, 2020). KEIZIEITIAATZCO,
WEEROWBEK CARIEICI VIR L 72D 2 & TH
KEOERBEZNCTX (Nealson, 2006), #IKCO, %4 L7
KRR LIS WRROIEAE 2 b D, EEE
\Z /7 VT = —EDJan Mayen#K TIXCO/ N1 R L
— 2N LEEERBOIEBRNAIBEINTND

(Stensland et al., 2019).

A DELIFBFFEIZ 36 W THEE 2> B BUKITEH L,
K& XA DBUGE B IEEMI D AR T DO
2 BOKRE I FLIZ, kY 70 BRSO KU L IR AT
REDKMEN D EMBAELOR e/ E ST
V% (Martin et al., 2008; Sojo et al., 2016; Yamamoto
etal,2017). —F, AEMIMEFRISZ#EY KT Z
ETAEMIZALND X O e & FF oA I
ol & T HFHEAIRTIE, 7 NG X2
JERVARX 7 LAF RipHRNABA~DOE G UG
&V TE KA G & O BOS D3 EK T TIEE) 4
PICEEZSHWZ &, RISHNEE TH R LETH D
e P OMERNBERI TV (Kitadai and
Maruyama, 2018). BUKPEAEE T H 2 HIACOH T
AUEIKHE & BOS D K 9 22 b AL O BSOS S5 12 72
DT ER, KPP TRLZERAED T OIS L7025
ZEMEBEZOLND A and FH, 2017). LavL,
RIECO 2 X BT LT B ORIFRIZEIXIE & A 817
PHLTELT, WASLEKIZEEND Z LR b
TV D ITHE DIEIRCO~D IR, L AnAiTBRA %57
T DIRRCO~DIEIRFEIZ DN TITIF E A EFHRD
NTWRW. 2 2 TANIE TITRIRCO & V7252
R AT LDz AL L TRERGOMNEZ
TV, WKICEEND FETLHETH Y, THRMEER L
AETLZETEHR & D ST HE E /2 Na, Mg, K, CalZ o\
TN LK—RARCOE] D 4B 2§~ 7z



2 Kk
2.1 BIECO 2 AN D THIERSS

MERE I 7 ABBFWTZAT AR D
DZEIENLT-(A AL, BN SRR & i
TARELEDODDEERATF L LABOF 2 —T L\
(Swagelokft)Z JHWTERC L, ED 11T 72(1X]1). #2
BRI H D12, IR WX DRI 5 H
MTHVIELY =7 F =7 2iTo72. KeasWNEh &
F 2 — 7 WIEMK, IMNO;, =4 / — /L OJIECHE
L, ZEHKTTITWE, RIZICERTAZRE D
TTCLonh b EEi.

15cm

E1 : it ERROERK

SN OIS TV DWEFFHROIER SV T BRd . BT
AN DIINEIC AN TR OET DR TE 5 L 912725 T
W5,

2.2 ATHK-IRIKCO R DEEE & HhH

E B E B 2 ST X > TED B iK
DFEREREFE 2 2|2 (Millero et al., 2008), FFE/2JC
FThDHNa, Mg, K, Caz e N THKE, HK,
b vl RN ¥ (74 SV VNI ¥ o D) vy
L, BAE DV T AORIE(FH T AT A7) EHWT
AL 72, Mgl3iffl EoBEIC L0 Ry o R L
7o 7=, 120 mLD AN THEK & T 2 TERLENIC
ANEBH L%, N7 2@ L iRk RER T A
(CONEIFEALZ. JEX6MPaE T LA Lz, fiik
FATIRIRCOLUZ & - THME L 72 WPTFER A 72
(Jiménez et al., 2007). JRIKRCOL23ME/K & [RIFRE D &
MAST-Z LR LT-tk, VT E2HL, Hiibi
THBAZIRITR o2, TO%EHRA 1D, 1 H ¥
&8,

N THEK & RIRCO DT X E AV E AT L 72 5
R TIT > 72, N TLIEKOFIZOBENTND T
2—7 % LT, ANLHKOHMHZEHETIT/0,
1-5, 9, 13[E1H QTR 2 704 L7z, IRIRCO,D
T, COxR L ST 7=, b
T Fa—TEHANCYH T T Fa—T EHE
R L7o(K2). o7 ) v T a—TNDLER & B
R 7 THhE, MEREBOSNVTIZERY 7=, i
EREmEV TV T Fa—THNDOENEIZL -
THRIKCOBEN L, i L7z, o7V 7 Fa

— 7 ICIRCO M SN 7= L 2 HEEEIC K -
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Fov bR BHEIEEMRL T E T2, HlED
b LLBHIEARIRER LICH 2 HET
T HEHAICMET 215 A COEPHAE
BOAFTHET, ZodT, &4 oFEl{LR
ETAE — FREBE2RCTEL ., BBREBCER
Arncuid, LarLl, HRiCELTIR &l
LUK & S REEHIEE 1< X > THE& o Fifi il fE
b 2 REL 2 D, Mg BV C LB
b4 v 7 IRFEPHEE o TWE T, Hi
{LBOKED LI N T2 b DTIRAL, BBEE
fatlic X 3 & 2016 FEREET [65 M o
g0 v 2] OBRFEIE 27% L I nTHD,
DB E R CIE 56.2%., BiEoH G IH©
13 36.4% & MR THL L LYz v E—IC
XoTEBRTTVWIRAICD Y T T,
HAEHNATOFER THRICEVTD, FEHeL
LCEHRLEZVOE TFHEfER2 32 =7 4
FHe A v IN—vTHEOHFE] IKDOWTT
T, O VMY EI AWV ) ICBORZ K
LEFTT 2 ICEEMEBE0a X B0 )
T, YCETcarrErFstEREL, B
Bl oTIA v I—v THE%2ED R T
BRabd, ala=T4, A v Ir—v TS

LA a7 4 OFHETREE L VWO X TR X
YEX—FIRYVBIZERICOVTHD2 S %
KA FET, £z ICEMIEZERT 3 EA 4
2723 ESG/SDGs IcHUY #lTs & & 23, REDFHILE
ICBILIND Z & REEAT 2 2 AT E L,
MY & % ESLH HREO PR, NPO FICfH 5
e i TRE Rt 2% EH T LB TR
ZOTIEARVAL WS LB, HECHEER
H & MfEiT 5 c#ho . 272 NPO 225 EIF,
ZL TP EEEORET 20T, AT
ST 4 ARHERLET,

HAEMNIC BTk, @A F et & Aaid.
7 o@BAL Atk A e LCHY LiFsh
LTRSS 55 X LR NBET.
WBER TR E 2 VMITAIAE T — 2 3% T &
L7, RHAKREXEZD Z o0 HE L &
D, WiEh&E AT vwbh R B E L7,
L2L, #2r0UnHEBT voYhHE bR
2k, fihEro )BT 22 L
K72 720, fiBIE KD o 72 &k IC B EHE
IELCLEo%b &, FPEREMLSPLE 2D FF
Berl e BEMMED &N E ., HbJ5 o RIRE T AR
ORRICE > ThER S NLTICHE T, FEHI
77 HIERD PR o2 % % v, ERRIC
HIGICwW3 ABTRVE Lod ) & HHEL T
TEAhWEEZ, EARHIEETICE L PR ofl:
FridcuwE T, T AEEIREOEERA
7 D BAEEREEY & LT T,

HfERT L B b - T 5 £ H. @ilbE 49.6%. A
Hi#) 7000 AR Chk4 i > TE WY
T L72A BAOXL, HH O W7 & DT
TREZILHPEPIWL, &I LEZbDEDI
BNBDhEEZFITITHET, Fic, BN
B oG THMEM 2EZE 2P AR T ANDE Z &
ZCE 20 bEREFEOO LD LFFHL C
WET, 2 I 2T AEERHIFICEDL DI,
YL Ze - E/ cab - Hhx, LR



O EREPLE LD TRV, B LAHER
CHIR O FEG 5 CRE AR EIRIC B B ¥
Bo, Y=y ¥ TVR—=T 74 X eEET
ZEENVEL, R - ENFEE LMBREICKY
B2HEELE T XA T CEM, METE XV
HIEMTICB W CORERANT VA EE 2, fib
Mg coJSHTTEEZ R L. £E& o g 2
a7 4 B PRICRHR AT RE B E 2T B X
I, MELARDB AV Y FEtT{b LA, 2
ZHcEb o W icEb s HL I —T 1k,
HTRIE - FftrlRe b 22 EH T 27201
MBI A Y vV (REE) % FEAEFER @
THL I LT EET,

1-3 SDGs DR & BFiHt

Fri nlBE e BHFE BRI ot 2 B A 13,
ESG (Environment Social Governance) & ilfi A/
T, WTNOMRIC B VT b BRI
HIAEND LAY F L7z, RERFKER
RELDICER o - REEERBHEDOE XS
. RO n7-EFO b el Rl nT et ic
WL, REPHRIT AL LBEHESHL <
Y E L7, iz, AlESICs TlE, A
OB AT T, RBEEFICEWT
1. Mk LR Tt mECBNT
. ROz fEEREZIY 3L F 2.
REFLIEOWER IGEERTTLEIVE T,
F 7R T AN R SF 5 BB BT R Y
KCRCEEE XIS L TR R 2 LT
ECn A==k, LEFHOEEICEL
T, KRRICKEL NDOBRSEITRE Y 2728
ml, BERDEEMAT 2F4 v T3, iz
. 2020FIC1AK [7a—F%— - F
T Y ATF TN e T—=F T ITATVR]| &
v 9 Ffoe ATRE 75 BRASE HARE ~ D FIT Ic 62 75
T2 - fHREER - RIET 2 REHE L
RHEET ATV ARFKRLE Lz, BIREA Y
N [ IHERERE S O EHE, BERETEARL
RARHE TS 2 HRRF 7+ -7 20, R
MFECIE ANy AT - T AY 7,

REFINITIV & W o 7= e o] BE 72 BHFS B AR (< B
T 3 EHRRMAC R ESHFE RSN L T E T,
HAEMNTD, 253 DIITASML TW»5—
fer R AN 2 ESR TS T b S~ 0 HLY #
B L, HARIT SRR SRls L e v
2=, [FEAXA-VomE] HEHE~
OXIG] TRt ATRE e féE (R | (57
TR RS ORI ISR ADH B L L TR
AIRE 7R AT HAR~ O D M A ZHERE L T F
EIE ] A= SE ST U N e RGUN = G |
e 7n fE IR O fRR T D 72 28 2 O S
B (HARERT) © [HAERE ALY — -4
IANF—FER L, HERERE~ 0 Bk HFE
INZ TRV MICESMERE IR L 7
DFTLIIZ] (HARIT) &L, Fbtralaez
HEOK DK T2 HEDD RIFCHEEN L
T VIRI~ B L X L7z, FibeaTRE R BRI
HAEICHES 2 B Y M A I B0 TR R D L
WAEFHLTH Y, E-BERN R EETELT
W oTE Y. FrtrlRE R BHFE HAR & #%
FIRBN DR TREME (XN 35 2 & ZFFIHL T
Wi g,
1- A FfEAlBE IR o S = = F A L HA
HAEMNICIZ 5 T8I NPOEAL. K6
T D—fAEEEABFEL TE (% 17), »
FThHFEAE USRS, (O
ik N E 2 v 2 — HAR O B o Bk
— B http://www.jfc.or.jp/bunseki/bl/ ) HA
ERICEEL W a3y =35 HEH b (%
18). ¥ X2 ofEIEHFMMAFEL WX
T, L2aL. L o&MEZILELTE D,
T - IEEFAARL A A D BB, T
LbOYBBLLWEICEE LTV 2EADS
<L FHEATREZREE 1T A T WIRFBIC S Y
T, HENAXBELELZ 0BT, JEEF
HEZ LT YT IET AL Vb IEEF
FAEHR LT T RpET A, L
Fe it AR AT B E AR O Hf A D
A b BN R E LT, FEEA w7 % —23FF




BerTRE 7R E 21T 5 72 D I E R ERIC DWW T
L Z LCnE T,

ZIRER

(% 17) https://www.npo-

homepage.go.jp/about/toukei-info/ninshou-seni
W TREEIFEFEERE AN OFEEE. 3

EBOHERE ] (BI%H 2020 07/20)

(*18) https://www.jfa-

fc.or.jp/particle/320.html

HRKZ7S5vF v A4 XFz— e
[ave=oy 22 b 7 HEt i et
(201941 25 12 A) |

1 — 5HEN S X CHERIRCOME

M auF AL ZADEYGERICE VL
WAIERRR R L WBDERR SIS T 2 R L
EEOINERDT . FEVEROLEEL KD 5
nCw s, EERIIC /N3 E I EC
P4 bDLb BT, EWEET T v b7+ — 4
DOREECKIRT 2 FERERL TS, 25
L7 hC, #ha0BERHEICFHISIGL L5 &
THHREEL, FHIHIELZwWTEb T2
ERTERVEEY, FEPEOLELCH L
A~k E ML L THEOWES L
LR WEEL L ERA b/ NEERTEL T
WET, HlaiE, o e v 4 2R
KICX WV EEEZZ T T WBINFE#IT, TTAR
EFIC A I NPT K, DE L R INAKAE % fif
R 2 Lk, FRferTRE MR E Ic BV T
TheTd, KEFHERD D R 7 [LEE- Rl
B &2 720, F72EE I BV TR S il
POEMEZED S 2 EBR1EETA, TIHE
WL DA i & LI & L <, SDGs/ESG i
Y fH OO IEM B G L MR E 7 — X
ft. ¥V zB AT Y BT IcERKT 3
OhEERATZ L ZATEL. FAMRER T
® SGDs/ESG 4 v 7 v 7 RgHED N H EF R
fedtcoNAL = HIEL 3

SE LT E—E

Ouv— 772 +HFAEZEZD

GBS EDHR= I 2 =F41ck 3+
HFTE IR 3

O+ I — 2019-08;64(8):68-72.

OF b o< Yl RiG#
koS o H 5 %

& & S BB o B E

B i, B R, MR

HEGPS

OHAKBEYSF MR @WE 2019
07;84(761):1613-1623. 75 v b 7+ —L5Z >
ZVHEZD F—T—FTHER I V77T
4 v T O

I FFEERL a2 =T 4 2FICANRD HUN
JEQWS 257 K77 vT 4 v ) KA HIE
ORGSR 2019-07;72(7):75-77

OHEXIcHT 323

2=7 4 A —=AF

A W — Bl & BUE O\

REMEZEH 5 —

O H T mlivth 2 OBESE FA 7R S E 2019-
07;27:1-15.

A RO ) DRZIC BT R SE S e
L CHEE CERRE A2 b 3 - 11 OB : 5%
FRHE & N — A BB IS B RR)

OHRRET —* 727 F =27 2013-10-25;(1010):42-
45. Fulltext to CiNii

14002 K& ZEfEDHDEY & L COETHES
T A% « SRS VR JA T K il D 3 DX b
Fe VAR (Y R — iR BT A V)
= b

OFET ¥ 14 v FRITBE 2008-07-
20;(2008):4-5.
[EEGEO 5 | BALICE T 2 REFNE R
— HAM CCRC(#k#EH &lkiE 7 72 12 =7
4 ) D AIHeME & FVE — ek Wz
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EE

FEBEPESE « BT IRT 2 ERARIMAEY T o 5B (74 Aspergillus oryzae) &5 L CH &R T o L an=
— IR RN E T D 2 EBIA MBI TND, L LZEDFIE & 725 5 THEIT 0 > TE BT,
AT Z OBV A X | Z2OJRR AT 2FRICIRV AT, £ B ORGSR & JEHH
IRF 2 N E N DERE PEY) % RN A-seqfifAT 2 O CREFEIDIZFA . HEFEIIHI IR BLED EA7T 5 85 T 24818
ﬁﬁbto%LT\E/AﬁﬁﬁﬁTﬁéﬁUxﬁ—~%V?Q%@%T%ﬁﬁiﬁﬂ%ﬂ%ﬁﬂ%ﬁ?ﬁ
LN AEMEE T2/ > 7 70 ML KO)L, BUfS U7k & xtireks# 32 2 & CHRBE A IGE L7, BUfE,
DOFEMIER TKOKRZVERR L7223, 2513470 < & b H T mNc R 5 L Tnan s &ﬁ’#’]'ﬁb
o A, IRV OBEIEE T OKOKZER L, BHE OBEFENHIR 1 2 852 L T <,

X —U— R: B8, Aspergillus oyrzae, YHEIE], 7/ L. RNA-seq

1 HR

FATE Aspergillus oryzaelZRME P8, 1 OAPEIC
%w%hé%%ﬁ?%éo:&ﬁ%ﬁ%iﬁ®%£

THHWHNTEY | BEEEICKOT S EERM
E%T%émmmwmlmﬂ)%limw$ HAR
BEETRICL > TEBEICED N TEY . HAAIZ
BIYe B RNBAEY T b & % (Kitamoto, 2015),

FAH & R E O 1T LSR5 &,
R L7 m B RO RICa e =—RET 5
(B41A), L2 L2 ATiCHEE LESE T D LB S
722D M = m:—Fﬁ IR AR & 5 (KI1B),
TAIR L7 & 908, B IE R DRI 2 1 =— 3k
T 5ME wké®f AR TR BIX2DFTICAERE L
lcan=—{32 200N NER>TRE L 52 &0
THRINDE, 2FEV2o0 v =—MITITME O
B2 P T 2B ENET D EBLND, &
D K DRI JNfil 3 2 BB OWV T, &
W DB E & i 5 2 & THFEDO A O
B AT 2 &0 WED H DD (Leeder et al,
2011), BFE CHRONDFIFED 2 1 =—fICB W\ T
HIEIHIN AT D E VO MEIX N E TSRV, £

Z OBGITHE & 5 e OREIE I D A
DOHFTIHEL MO TWDHGETH LA, B4R
A B =R NTE BN TORY, T 2 THE ORI %
T D A T = XL E AT D720, AIFFETIE
FTEEINEI S RICBEN D R A ML LT BT &
DERIZAE U 5 Bs 73 B & D 72 5 % RNA-seq AT
EZHWTHNDS, 2L T, o EEmrico
WTL 20204 D ) — U EFEE THLALICR o 12
RSO T ) MREFN THH 7V A/N—F v R
9% H\WT /v 777 MEAF, KO)T %, LT,
ZOBRICED D 5 TR EZRFE LTV,

&1 : %ft%ﬂirt%%btﬁﬁﬂn—

EHEENBEBEFAZ V== T OIDICE M2 D, (A) H&
KEEH E O 12T L (KREE). 3E1F'EJt+§ Lo o =—
an=— X ELHRIZIER > TV D, (B) %ft%fiﬁk@mﬁm:
B L(REH), 3HRMEEE L2l n =—, aw =—3%Ed
LTI AER S D, A7 —/b/3—(%10 mm,

2 Hik
2.1 RNA-seqf#HTIZ & 2 3 FEANH]
B®

FERITIT B AR T & 2 BT RIBAOKK (Aspergillus
oryzae RIB40, NBRC100959) (Machida et al., 2005)%
A7z, FEHIIEPD (Poteto Dextrose)h Hi(#05709, =
v AAYVERHWT, 9em7T T AT v 7 v x — L (#1-
8549-04, 7 AT NZEAL L7=b D& L1-, it
40-50 mm, #540-50 mmiZEI Y B> 7=t m 7 7 K
(H#CO-176, 15 MM T.236) 2 & KIZIZ L7-1%PD
B BIC@EE, 1S8R L, Ee Ty UK R
(Z100001/10 pLIZFHEE U 7= 704 TR iR 2 1R GE
HEAFEINHIZA)(CL T, single), & L < (320 mmff L T
2 i (HEFEBNH S 1F) (LLF | double)lZ10 pL g™ DA AR »
MEE L, 30 "CT3H M3 L7z, doublelZH\\ T
HEFEAHIA A U T D 2 & etk Vs CHRR
T HAME#HG035-118, XA VY —T¥) 2 nTEzn<
NOTL— ENPHEIRZ1S mLF =2 — 7L
7o 1ODF TN HE2T L— b DB E R Z B
L., o 73 cEnEn2 o7 o4 o
J\(singlel, single2, doublel, double2)fEk L 72 (X12),

Wb A BEBEFD



BN L 72 BERIE-80 "CTHAERZICAA A~ > v —
(#320152, nippi) THlA: L . RNAiso (#9107, TaKaRa)lZ
WRL 7=/ —/L- 7RV afitil=s /—n
LBIZ & o TR 2 L0 BruN Tz, £ D% RNeasy
(#74104, QIAGEN)%Z F\ T, total RNAZ fliH L 7=,
HhH U 7ztotal RNAY > 7' /L % U T, RNA-seqfi#ttT
ZATo 72, RNA-seqfifHT IRt A M (K AE
L. BB I X HLiZ 1 (single] vs. doublel) & Lt
#22 (single2 vs. double2)D2FEH¥H & L7, f Sz
FHEEEER T2 i L, ikl & B2 CHEE L T

VB s 2 fh U7z, RPKMIEME# D%l & H
VT, double DRPKMIE -2 fiE & single DRPKMAE
DALY | single & doubleft] DI FHR L=,
T BUE BRI dblastifisR 1TV, BRERHEF D 2
SHAFEMED9S %Ll B @ THEEERE IZRI L 7= 44
MEINTWVDLHDOEEL, Bin OB ZHEE LT,
F 72, GO (Gene Ontology) ™ > U v F X > hMiEhT
(https://elbe.hki-jena.de/fungifun/fungifun.php) % 17\,
HELEEHEE T ORETELEEND b DA MRKR
L 72, SignalP (ver. 5.0, DTU Health tech)% F\ THfi
HUZEEGTDOY T FINRTF ROFBEELTR, 4
WH R THDHNE I D EREE LT,

A B

SRR AL

PDIFHE
Wi B 0w =

X2 : By 7D RINERA DERE

(A) FEHGTEIN IS O BEIRENGRAL, M R 28T T, 2.
==y EF T E LT, (B) BEFEINHI S O IR [E
IR, HEBE AT 20T T, 2o =—H3f LTV AT
B e LTHWE,

22 F) ARBEICLD ) v I T MROER
221 75 A I FOREE
FATHFGE CRESL SN TN D 7 U AsR— « F ¢ A9
v A7 I (Katayama et al., 2019) % F\ ) T, RNA-seqfi#
MO B AL 7 BEFEIN TN B 57 2 il i s 7 DKO
BEEAERL UTo, JEATIIE CIERR S 7= ) ARidE~
7 Z X N (ppAsATC9a2) % il BRI 3R Sma 1 THUIWT L 72
HDENY X —L L, CRISPR direct (Naito et al.,
2015)CT A > L7=sgRNAFEL & » (F1) % In-
Fusion HD cloning kit (Clontech) % FIVNCTHfiA L 7=
(PpASATC9a2gxx)(IX3), F 7= AWFFE TIFARIFFEHL 2
IZEDKOEITH 728, RT—DNAZEL 7T A3
RHER LT, SIBRER T Ot R-X 0 6 ki
il #&ah = R L0 b Rl Z i Z7411000 bp D
A&7 7 ADNAK Y HIE L, 240 527 )7 2 BamHI
THLPE L 72pUC19(#3219, TaKaRa)IZFEA L, KF—
FITAIRE LT,

#£1 : BEREE T OERELS
CRISPR direct CilmFHIZRRE L7277/ AREZ T 720D DO
BOEALDOECF, PAMZBRW 2B EZ 7T A RIZfA L7z,

R4 IERIBLSI+PAM
A0331 GGTCCACCAAGCCAAGTTAATGG
AO170 GTCTCGGTATCCTGTTACGTTIGG
AO195 GAGTTCCGGACCAATGTATTGGG

[FLAG-NLS-Ca)-NLS

&3 : R/Mﬁ%?’ﬁx Farx L771~
KM IL & 72 ZppASATC9a2, amyB~7 v & — X —O ki % Sma 1

THIMTL

2.2.2 BWE O B

B O T E EL X S 4T AF 98 (Maruyama and
Katsuhiko, 2011)D /{5 % — 2 LIT - 7o, GPEFHE
(2 % glucose, 1 % Hipolypeptone(#392-02115, wako),
0.5 % KH2POs, 0.05 % MgSO4-7H20)% FH V> CTRIB40
&30 CT—MAMEE L72bDad 7 e h 7T 2 b
ERUZ Wz, WEER#BR LRIV FT7 I
1.2 M@ sorbitol & & £ CDE; H#1(2 % glucose, 0.3 %
NaNOs3;, 02 % KCI, 0.1 % KH2POs4, 0.05 %
MgSO04-7H20, 0.002 % FeSO4-7H20, 1.5 % Agar [pH
5.5) C2EIEs#E LTz, * DO doace2i&fn 1-% B3
D712 9122 % Ddextrinz ZTeCDI I TEE L, 77
AR REPLE S T-KOMEFFT-,

seRNAFEHL & » b &HA L7z,

223 BEFDO) v 7T U bOHER

YERK L7Z KON B R ERE D ENE R -T2
DxEFHE LT, xt5 LT 58 DA PCRT
iéﬂrh% L7c, R —DNADFHK LY LM T T A ~

% %5t L 72(32), PCRIIPrimesSTAR HS DNA

polymerase(TaKaRa)% HVN, 94°C 577, [94°C 155,
68 °C 443]x 35, 68 °C 4%) fm; éﬁf_o RIB40#E D
7 ) LDNAZ SRR & U CHEhE L7z & bel L,
KODffEid % L7z,

#2: AWk 54 =—

T4 ~<—4% Bl F1(5°-3)
AO170-F CAACATATCACCACGGAGAATTCCTAC
AO170-R CTTCACATGATTCTGCCAAGGACAG
AO195-F GACGTGTACATGACTTCCTACAGTAC
AO195-R CGCTCTTACATAGTGTACAGAGGTG
AO331-F CACCCAATACTTGACGTACTCTTATCTC
AO331-R CGTAGACTCTACCACAGATTCTACC




2.3 /v 77U MROBEFEIH] OHERR

DPYE5H1(2 % glucose, 1 % Hipolypeptone, 0.5 %
yeast extract, 0.5 % KH2PO4, 0.05 % MgSO4-7H>0,
1.5 % Agar) ED22>FTI215 mmD BEEE % BR 17 CTKOKE
# L < IXRIB4OKE D 53 & TR A4 10 uL AR » b
FE Lf_o 30 CT2ARFRERRICT L — h 2 AF v
TR L. BN Y 7 FFiji (ver. 2.0.0-rc-
65/1.51s) (Schindelin et al., 2012)% F N CTHgse L 7=
B2 ODEALD 7 1 =— DR 2 HIE L(X4),
FEANT O HE AR LT, RO 7 m =— Nl & 4h
OFROM TAF 2—F > FOUREEIT o712,

X4 : EigfEHT Y 7 FRijiCHIE Lica v =— OB OEKE
T— FERINDS R THAlO aa=—oWN{l, FMUO2ENLD K
TXEWE L,

3 fER
3.1 EFEIHIC B D HEMEL T ORE
RNA-seqfittr OFEF, bLlgl TIL78fE, g2 Tl
6 L D FEBA R T- 23R H S, 48(8 DB 723
bRzl L2 THEMBAE L TV (X)), Zi 5134 Tdouble
TREAENE L, WISHOBIE 1Ty 7 AT T
R&f L TWVWi=(F2), GO U vTF X Mighro
f S BEDOBEAR T TR & 417z enriched categoryl %10
T > 72(3K3), BT 7 v ZICET 2 6
DH6fE, 431 & L TOMREIZETE T2 & DH3 4l A,
DINoT,

i 3| 34 7%}

30 48

X4 : RNA-seq CHIH SN RBEEBHBET O

FEM O THR I - iR (singlel vs. doublel) & A [ TH X
U7z LEfgR2 (single2 vs. double2) DFEHAE BB T- D%k, 48E Dtk
BPICEE L TREENR N,

2 HRIL2CEHEL CRAZDOALNZBEBEBFDOY Xk
A - OKOKE & 1ERK U 7= 38 B2 A3k LIS D15 144 1
FENFE T D720, BN LSEILEIE U, BEEIC ismgle
L double DFPKME DLt % | AAIZT 2 BEFR Bk & 7Rk L=,
1ESignalP CHRT= > 7 FNRTF NOFmE | D551 i‘h ﬂf

WA ITE-ToR L72, Blastif 2845 5412 1%, blast CHZR LRI DY
95 %Ll ECHREIRICAD L 7oA N S CnD b D& R LT,

a4 FEE | AA | SP | BlasthEAER
A0090005000331 hypothetical
(LU FAO331) 113.9 160 - protein
A0090003000170 hypothetical
(L FAO170) 84.4 248 + protein
alpha-
A0090138000195 glucosidase
(LLFAO195) 84.1 209 B related to
nicotinamidase

#3: GO Y vy F A MEFTORER

GO Y v F Ay MENT OFER, R LIl 5+ ON OO

BT CTHEONIEREZRITE & DTz (genes/input), GO namelZ

GO IDARIHERED A HIT & 7D L, p-valuelZIZfH L7725 fs 1V &
LHOBHCOHN T AU —DEIGIZOVWTORER R AT LT,

: : 2R L7zt O1F 4 Tp-value<0.05TH W AEAN A bz,

GO ID GO name p-value genes /
input
0052716 hydroquinone:oxygen 347E-04 | 3/48
oxidoreductase activity

0031177 phosphopantetheine 1.69E-02 | 3/48
binding

0009405 pathogenesis 4.08E-02 3/48

0006043 glucosamine catabolic 5 56E-04 248
process

0006046 | N-acetylglucosamine LIIE-03 | 2/48

catabolic process
0042243 asexual spore wall 276E-03 | 2/48
assembly
pigment metabolic process
0043324 | involved in developmental | 7.86E-03 2/48
pigmentation

0042438 melanin biosynthetic 1.69E-02 2748
process

0005507 copper ion binding 2.62E-02 2/48

0016740 transferase activity 3.02E-02 2/48

3.2 EREETFIMED ) v 7 77 MEDVER
FHLFENE Do T2 EALNL F TOEAE T DKOKE

ZVERL L7-, PCRTCHIIE LKODFHEAFEAB L= &

Z A, A0331E AO170DKORRIZ3FE. AO195DKORE

VR2REUS 5 2 & AT ET2(K5),

A C

£
ADITD AOIT AOI9S Kb

92 1 44 RIBAD

KOWOW 5 (kb) 29 22 29

WKOEDWI) (kb) 21 27 22 29

A )
(KON ERE) e i

B

it KB ¥S A6 €T A RIBAO kb 41 V2 RIB&O kb 3 o4 a5 RIBAO
3 B :
X5 : BEHBEFO/ v 27T MR
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S B R EEE STV D 20204E6 H ~8H TH 5,

2.2 AEEHE
HEHBIZLLTO@EY Th D,
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Tholz, BMERLANELS oz EHIZ LN
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PNk 89(304)  88(30.0)  70(239)  40(13.7) 6(2.0)
o IR 162(553)  91(3LI)  2585)  12(4.1) 3(1.0)
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TR O F R~ 0 D il 74253)  122(41.6)  62(212)  30(10.24) 5(1.7)
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covD-19iz £ %
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COVID-19ZflLAIZ 5 >F = & %
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COVID-19B3# 2 kL 2 & H A 1E ~D D 415
H. MERRO R, BEIROE, MEIROMR, RIR
% HIVES L L= BEIR T 24T - 72(F9). FAFH)

A RV A(B=.30), HIKBIA ML A(B=.16), N&LD
OIREMWYBEFHIZ NI EA~DA R LA = 23),
ARIRESEFE (S = .21)COVID-1912 L % B i AiF~D
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FEAI MR I B L T\, SR L7224 &
D RGP RERR DRI HRIL59.3 % Th o 72,

K9 BHHNEE~ORERTF

LA B B p VIF
FHEHA R LR 21 30 .00 135
HRIA b LA 20 .16 .00 179
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R>=.602(p <.001)  FHEFHR>=.593(p <.001)
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