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HI: H72EX0&5E (Camelus bactrianus ferus) #f 5t H AR PRI (TUCN) 1) A% & Wi f& )
i, ANAE T b EACES 8 S B o0 . D ATIAVD IR RS R . AR XU gE kT B R R ER RS
AR, PR S A Mt 3K P450 KA LEE (cytochrome P450 epoxygenase, CYP) [ ¢,
WFFE R, BFRLE R CYP G A& E CYPL. CYP2 Ml CYP3 W, H CYP2J2 ¥ N1 %W
B2 T HAGASY) . AR SLRES R CYP2J2 SR /N BB AL, BFFCEER . MR A S S A
SHE IR, W TR AL CYP2J2 JER I AEY) T RE .

J7¥%: (1) @i CRISPR/Pro £0K, & #ERLRIBEAT 1t #4 % B ) Donor Vector 1 gRNA
kL, KBTI GE LOC102511878 3R i N\ 71N B, Rosa26 FE [K JBE, My CYP2J2 RN FOAR/NER .
(2) MBI FO AR/ S B AN RS A3 3] F1 ARG T/, $2ECFT AU BRI 24 DNA,
Bk I AT PCR Y™ H8 . S le bl e e vk WY %5 € A1 Southern EIZE%E5E , AN HE /N R 2 15
MRS, (3) EFREAF— R FOARNR, M —80 F1AVNREATASRL, 38 F2 /MR,
FRREATY B1938 F3. FAM FS LG T A TULEFERUNR . (4) DEAN R 3 B BN FAAE
25 MR IMBE AT EETs S5 AHC MR, ATl 2R . (5) REAFZER AN IEME, 247 16S rRNA I
Fo, S BT AN R R R /N BRIEAN TR K P L 3 B 22 55

50 (1) BFURLE P450 2J2 ¥ R/NR Mt 5 % g . il 584N R3S E F1 AL, X FI
AR B A R R A R N A et [R5 B 20y B AT PCROA TN, F1AR 7 R/NEL 43 79 38 2600 Al
4300 bp J1 B, %@ NBHME, FEA TR o T AR Xk H RN B e et B ZE R R A AT AT A
2o 3L W 5 %5 7€ M1 Southern EIE4E FEUER] T 7 R F1ARKH M /N BUARN IE# H B 28 A RN R . (2)
CYP2J2 ¥R N A5 1/ N R BT SRR TS o Ty S 4 AUINEL, it 84 JUNEL, JFREAT 2[R %
B, g A MErE 21, BEME 15 H 4B MEME 19 1, BEYE 16 N BRAEMERE 7 R, BEME 6 R (3)
SRR, a4 ORGSR, MHERA4D MRAERERK (P<0.05); SEAEREEAH
o, AiE v/ RAAE B RRC, ai A MV EORAE LU AR MM, HHARE . SRR
o, SiAHSEAEM, MEMAA A S MR A, e A A S A A LR KA R
So diad CRpMR, MHRAY) FMERE4 (RatR, MEEREEGA MR 8 =GR
(EETs) /KPR @ T A4 . (4) 16S rRNA WP Z AR 1. XN RIS RELT 16S rRNA
SFTE R, FEJBACFI topl0 Hf, M ME4E A BT AL AL Akkermansia 1775 5. % 22 5, (ER KT
topl0 1, & MEFAEUN Bacteroides_caecimuris f74E %% %5 . @26k LK, RAIKILAE
HMB MG 7 M RERKFESR, KPR 1ARETR, 6 N LI REAMEFEAA INE
FERKFER, HP1AMEFETH, sMNEF LR, 464855 EE4H (Environmental
Information Processing) R LT (Metabolism) F1AZEFEH (Human Diseases) RIEFHK, S5



f&45 b2 (Genetic Information Processing) FIA¥) R4 (Organismal Systems) A . KA
543 (Cellular Processes) R IEAHIG, HHEE SALBAE AL (S SAL B 2 FUHK, BAEHS
WG BT, BLE BT AEY R G RIEAC, SN BRI A J85m 2 5 .
458 : FIF CRISPR/Pro Fi A, FRBEFIXLE CYP2J2 #[H Rosa26 &€ i NN, ZEH M KET
RN, UESE CYP2J2 e 3 RN AT IE & 1735 RV BT o @l H A 5 /N R PR L 2 i it B A
EETs S5 10IR LA FEAT 16S rRNA W7 1700, RW CYP2J2 ZEA M 7 /NR A (KD JigiE
R AITLAE
KA. BFIKLE, CYP2J2; EETs; ZMEIBE; 16S rRNA



Abstract

Object: The Camelus bactrianus ferus is classified as critically endangered by the World Conservation
Union (IUCN) and exists only in the Taklamakan and Lop Nor deserts of northern China and southern
Mongolia. The wild Bactrian camel's ability to safely degrade and metabolise salts and toxins may be
linked to the cytochrome P450 epoxygenase (CYP) gene. It was found that the CYP family in wild camels
is entirely concentrated in the CYP1, CYP2 and CYP3 subfamilies, and the copy number of CYP2J2 is
significantly higher than that of other mammals. In this experiment, the biological function of the CYP2J2
gene in wild Bactrian camel was revealed by constructing a CYP2J2 knock-in mouse model to study the
linkage between genes, traits and gut microbes.

Methods: (1) The CYP2J2 knock-in FO generation mice were constructed by designing and constructing the
corresponding Donor Vector and gRNA plasmid for the target gene through CRISPR/Pro technology, and
knocking the wild camel LOC102511878 gene into the Rosa26 locus of mice. (2) Successfully constructed
FO generation mice were crossed with wild-type mice to obtain F1 generation heterozygous mice. Genomic
DNA of F1 generation mice was extracted, and primers were designed for PCR amplification, agarose gel
electrophoresis, sequencing identification and Southern blotting identification, to confirm whether the
transgenic mice were successfully constructed. (3) Select the F1 generation mice from the same FO
generation mice with the same knock-in site for mating to obtain the F2 generation mice, and then amplify
and propagate them to obtain the F3, F4, and F5 generations of pure and heterozygous as well as wild-type
mice. (4) Determine the related traits such as body weight, fasting blood glucose and EETs of mice of
different genotypes and analyse the differences between groups. (5) The faeces of mice of different
genotypes were collected and subjected to 16S rRNA sequencing to analyse the differences in the intestinal
flora of mice of different genotypes at different levels.

Results: (1) Construction and identification of wild camel P450 2J2 transgenic mice. The F1 generation
was generated by crossing with Camelus bactrianus ferus, and the homologous recombination fragments of
the genomic knock-in site in the tail tissues of the F1 generation mice were detected by PCR, and the 7
mice in the F1 generation were amplified with 2,600 and 4,300 bp fragments, respectively, which were
identified as positive and conformed to the predicted length. The wild control and negative control samples
did not amplify any bands. Sequencing identification and Southern blot identification proved that the seven
F1 generation positive mice were heterozygous mice knocked into the correct fragment. (2) Breeding and
phenotyping of CYP2J2 transgenic heterozygous mice. Four generations of mice, totalling 84 mice, were
successfully expanded and genetically characterised, including 21 pure females and 15 males, 19

heterozygous females and 16 males, and 7 wild females and 6 males. (3) Compared with the wild group,



the body weight of mice in the pure group (mixed group of males and females regardless of sex) was
significantly lower (P < 0.05); compared with the wild male group, the body weight of mice in the pure
male group was significantly lower, and the body weight of mice in the pure female group was lower than
that of the wild female group, but it was not significant. In the fasting blood glucose test, there were
significant differences in blood glucose levels between the pure and wild groups, the male pure and male
wild groups, and the male pure and male heterozygous groups. The levels of epoxyeicosatrienoic acids
(EETs) were significantly higher in the pure (gender-neutral, mixed group of males and females) and
heterozygous (gender-neutral, mixed group of males and females) groups than in the wild group. (4)
Microbial diversity analysis by 16S rRNA sequencing. 16S rRNA analysis of mouse faeces revealed
significant differences between Akkermansia in the male pure and wild groups at the genus level top10, and
Bacteroides _caecimuris in the pure and wild groups at the species level top10. By plotting volcanoes, we
found seven significant genus-level differences between the pure and wild groups, of which one was
significantly down-regulated and six were significantly up-regulated, and nine significant genus-level
differences between the heterozygous and wild groups, of which one was significantly down-regulated and
eight were significantly up-regulated. The heterozygous group was positively correlated with
Environmental Information Processing, Metabolism and Human Diseases, and positively correlated with
Genetic Information Processing and Organismal Systems. (Organismal Systems. The heterozygous group
was positively correlated with Cellular Processes and negatively correlated with Environmental
Information Processing and Genetic Information Processing. The wild group was positively correlated with
Environmental Information Processes, Genetic Information Processes and Organismal Systems, and
negatively correlated with Cellular Processes, Metabolism and Human Disease.

Conclusion: Using CRISPR/Pro technology, we obtained feral camel CYP2J2 gene Rosa26 targeted knock-
in mice and bred a large number of zygotic mice, confirming that CYP2J2 transgenic mice can survive and
reproduce normally. Analysis of traits such as body weight, fasting blood glucose and EETs, as well as
faecal 16S rRNA sequencing in their bred mice showed that the CYP2J2 gene affected growth (body
weight), intestinal flora and blood glucose.

Key words: Camelus bactrianus ferus; CYP2J2; EETs; oral glucose tolerance; 16S rRNA
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1.1 {ApE = P450

M (B 2K P450 2 — NEBXRIRHIEE, & NN 7 ST 29k G Y 8 — B BeAR U
W EER RS . PASO & EMAM P RS G EE . BR—%S 5 N R
P450 BEAAAE T Zbi R, AHJIREE 2 5 P R A AC S 1Y) P450s HRAELE T Bk 44 s
0, VR AR B AL B () AR I AL B, P4S0 — AN S B R AR, AR ES
HAhE E A EAEH

CHF NADPH 1 456 OB () B ] B R B 46 = F B 5 P450,
NADPH-Zi /i 1 2 P450 i 5l (CPR) FIBEfER4, fEIX— RS+, 7FFE CPR 1 P450
FHAEM, {88 NADPH [3& R S5 ia i > B — B BT 75 2 IR A CPR #5742 2]
P450001, SR, 1ENEGGEE, ENRIE s RISy 72 KEE N,
72 P T IR B9 LA o

CATHAR R E BT A B T k3% P450 (AL BT R, i B35 1) 2 4 (B 3 bso
EVFZEOLT, PAS0 5 IR R AKAE AR BAE I S2 4t 1 {4k P450 AR5 0 48 B
Firas T, (AERES LT, MEAEREEMSRIEN, @it R BIERR R A —E
W R TS IR — AP BRI I ARS8, XA M R AN & bs HHAS 3] TIESE,
BRI PMERN—F RN ES, AN PASO A R R B 100,

P450 55 H 1) & H R IR LLSRBE IR BEARAE . B T 08 P450 A BT RAC U 2
Ll 74, CPRIGFEM AL INAMNG . JEDTIR 2 AN DL S R 0L T 2 5 A (3 b5
. JRE CPR XV ZANE ) [ SLER A DTlk, RS R FEIEH 2GR . B REAHE
0K BRI SRR A4 ey B A T, (A B 3% ¢ IR TR ER VS 14 Sk &4k CPR /K-Fi, P450
bt CPR 22 20 5119, Gpe b5 715l & CPR B, P450 5 CPR LG22 5:101,
TR TR 1:1 BE R AW A RAEAB R B B Fh 22 S 42 1 o8 P450 [ AH
5% ER B AU 44 R BB ) . A5 4% (Peterson) M 7 —ANA R L I AL02),
BIZ A P450 2 T4 0> CPR AL, > CPR REMSLEFE ABENLER BT #E4ME P450
Pl 1 R RS 2

P450 F1 CPR FIAEXT LR 5215 SR sema i 2 AR AR A PEdRkiE, RELZEIT)E,
P450: CPR I EE L) 30:1008), FERGAFRA R RAAN, MR bs HKTFET 5
P450 [F)7K-F4bT[A—J5 [, b CPR SR Z . ML ZRINER -1 (HO-1D H/KFHH
FHPREAFE T BIIRK . FERSLHF R TN, ML R INEE -1 K52k b

1



BB wHisk BAFAFMERMR T
REIL T ML R INARE -1, ML RMER -1 5 MR mEm-1 228 0.2:1; 800, 4
PR R IMAL R INE R -1, FRA ML Z s -1 52 Rl -1 Z i = 3:1,

ST 7% CPR /BN TR E A RS A EL, CPR (B /R BRARK, K,
CPR HHA T 2RI LR TH 20 25 b B . 20 AR A AR CPR A F: 03]
BE CWIIRMIRRARH) FEAERm e, e b, G M AR et . A 5 A Wy i Al 22
5 - U T i 7 B AR AE PN ) S F B L A CPR BRI R SE R A . S Eux L
A i R S (1) CPR 5 P450 AH ELAE FH /B M) P450 $& 45 HL -1 58 77 2 41517,

1.1.1 ZHRR & 2= P450 HYZEHL

H5RZHEEAE, P450 Won H— R R F15E M, B2 A4 5706 [F
IEPRRVERBIE DL Rk, AATTX P450 55 [R5 K 1 2 [B) AH ELAE B 401 8 IO

5 —A> P450 258952 1985 FF R R AT M IR A% AE W) P450 101A1. BHEIHRIE, S5A
HEERIA TR R Z 8005 B AR KT P450 101AT [N P450 2R al T ML) 40 ]
WFFE E T R ), XSRS Fo VTR IR 45 5 AR B 2L AT A M B R . T IX
S EE AR SR YR, DLVR 2 IR NI R AR AR, W FLBhA P450 45 i
T X PR AR B o i — BEAR N A . B G T AL 304 P4S0 I se FE AR A [t e, DA
SORT ) RS A (FERZ KR EATIAEALD KR, WAL P450 (451 i il
233 T fig sk, 35 EJohnson Al Astex /N JLFH A P450: 2A6. 2C8. 2C9 Al
3A4US 2N, AR B AT A ) PASO SRRSEH, S RGP R IR B E A
SR, HETH P450 #R R/ AR BT S, FEHalflie (A-L) M—LpHh s
(B1-PB4) ZHpRk. FEATAR S ML s I 2T A T ol e X 45 . BT FL3h W P450 45
P AN S 22 25 W R R B, G AT R AR R S e A AN IR 45 R Bl 7 S AH OQ 1) — 26 ]
AR, I SR TR 259 S5 s P450 BAH BAEF .

1.1.2 A = P450 BT HY AR =

414>, PASO HSCHE T DL il . (HIXIFAEIRE P 1] el AR U ok . A IUX A
AU R RPI56 5, FATATLUEEST P450 B 5T R | WREeaidb . 78 NI F40
I HUGF P4S0 BT T LA AT 1 VR 2 R .

VP25 PASO MG, RIRECE V)2 N WPIRSl. filhn, V2SR IER B
S 5 38 A RE A A B A A R CYP2142 SER IR ER B 51k 0, TS
2y NS PA50s, A BT BRSO (e B 25 (MR SRS S50, JFREAEAR
HMRIETTIMAAE (AN 258 A1 MEGYIRAR BLARE o ARFEFAT IR A P450s 1) T
fift, L9 EE ST LUE G (AT BT, 38 A A R DA S Ul A AN AE e AL N
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ETE xind BAFAEHLHRL
e,

TELFF I, BILER LLEIE 2595 PASO AR TLAE A, M5 NSRS 5] 1) )
FERBF AP R 25 AR S 8. BEAh, 30 AT LARE S 25 A b A% 2 25
FZRBN I1 7 A7 VR 2 L, JEAE RN COIAARIFEARH 24X P450 3A4 1IZ54)
ol DAG 2 A HE .

1.2 4t 2 P450 2J2 (CYP2I2)

YL EK P450 (CYP) ZMEZE G M NADPH [ & I 21 3 50 4 B 8 5K
B, Z5RMAEMMNEELEMRANL. CYPs ¥ TEP M —NEETHEA
HEYd, FIRDE S AN R IR R R K . it R P450 2J2 (CYP2J2) & —#f
FEAET NI ALT Il FEELME RGETRIE, . B . K
B W S A KCPEARERS, B AR CYP2T WK R ME— Al i, 2 2 221
AR (AA) SHRENEEZ —. CYP2J2 KA E 9 NMIE T 8 ANHE T,
28 40.3 THFE (kb), HP AL 6 kb i) S X AL 1 kb 19 3'IEFIFR X 29
(GenBank %i 5 AF272142), ZIEHE IS 502 MEIER, AIH4L AL 58 kDa
AR Y . CYP2J2 fE ANRC A& ARG ERMR K, M4 450E 76 5 ik
REELERER]., 5% CYP [ LEFRML, CYP2I2 fEBAN NBEHELA £
AMRIE. BN, DRI ZEMEAAXS T, mH AT AR R T %E, H
CYP2J2*7 BgAk. 1% SNP (rs890293) HEzhF X (-50 bp) 1 G > T HUXH
%, SEESFT Spl KA/ 299, CYP2J2*7 fEA A MR REAR bl i L, 2%
Rr BB AE 1.1-17% 2 [ 2930, B & W], fEmimRAFY, CYP2J2*7 %A
RS FHEORREERD 40%, 5 UK E T 58T 5] 0K e A Ji 2 04 i 3 14 A
SRAERFERAAB, F, CYP2J2%7 S A3 KI7E AN [F) P e B 44 A 1 A7 6 A1 AN [R]
P25 7 2 TRUA 3R 45 D AR SR OD I 55 (CVDD B RS o

1.2.1 CYP2J2 TERTSMNA R PRy FRIA

CYP2C 1 CYP2J Kk &AM, XLl PR~ 4 EET. PUFA &k
VIFI IR A AE eCB ML CYP A GEEE335T, fE N, X Sy o ot 7 & 78 7
A CYP2J2 CAZEHHE—f 2] B§), CYP2C8, CYP2C9, LLAH/NFEER
CYP2C19331, 2C Hg 5 HoAth 3¢ AR Fo0r A AR H AR, AE I b B A S m KPR 3
KBe3T, CYP2I2 s R AEFFME A # R I . SR, EHIN R — M4SN P450, fEO
ffE b T BGRB8, HAKSRYEL, CYP2J2 78 15 bk Py Bz FnCa LR g b s 2 Rk
Bz A A O R RGN, CYP2I2 AR KRNI E G iE (GI) 14471,
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BB wHisk BAFAFMERMR T

GTEx ¥¥8 FE (2 47 riEsE 7 CYP2I2 MH B £ IE. HEFEHR,
CYP2J2 fE.0 L (n=412) R FEERKIAN 23.9 RPKM, HRKZEMME (19.19
RPKM, n=119), /M (18.5 RPKM, n = 88) AIfk48l, BWILfE, GTEx ¥
FEre WRE B E AR . ALK ZE, W FANTOMS Il H #4 E, EK W
CYP212 fE/NlhRiE, HIRGEMNE, KK, 2GR 1. SfRul, AR
KIH 53 T 5 2R S AN H R R IE A4 &, R CYP2J2 FEA LR
ik, XRRHHLOMEE .

KIOHLH ) CYP2J2 mRNA /K°FEH CYP2C8 8¢ CYP2C9 =il 20,000 fi%.
AN, CYP2J2 fEIME N B R R IAB-S2, HERE, KON WS EET
W5 CYP2J2 74 EET 3 AHULEC, MR CYP2J2 7] G A& O JIE o Y 32 230 4
SEFHT, X AR R MR ECAE FE CYP Fik A EET [X 38 5 My 44 it — ] DL g
FUEAT CYP A A BRI TT, LR AR 25 8 2N 1) = AR . B ) 2 2
R, LWEARHRAPHRIEEZWM, CYP HAEGMEK G T EET 1
J AR, T A B T e AR I AR A

CYP2JI2 AFAE T KM ) JLAS X 35k, AL FE M D4, /N A TR I Jog 48 w3 1.53:541,
ANZK CYP2I2 &M S sh Wb 2 b CYP2T BTG 4T 7 IE& R, B K
AN BB A U2 RER CYP2), 1A RA CYP2I2,

EMG U B, X428 CYP2J [ O 4% IF BH 75 25 P K BRI A7 S 14 X 33k F0 4 il 2%
RIHR RGBS U RSl R ) CYP2J S Uk B AT LUGE & it fii 38 92 g

Chnma 4 7% FORED R BIRPERB, RE CYP2J2 /A0 EF &5 £ S, HHEA
T e A2 FL Rk B AR AP AT AR A7 AE, DRI D 23— B 0T 5T CYP2J2 ThREAE
oAt 20 2307 1 A= B O 1

1.2.2 Bt EHEEFsE R ERE G CYP2)2 [ERY)

TV CYP2I2 AT R, THARAKKEHKM CYP2J By B HIE5Y)
PR WARE T . 5 NI CYP2J2 [FUE T ¥ e H 1T 145 A 2 4 6 45 1 Ve o 2 0
FE9-621, AR IE, ANRAVE T Z 8K CYP2I2 WA AHLE Jy 95%[631, ix — M5
S5 A 3] 1 B DR 2H I H i 1) S RRLo4-06],

JIN BRI R B 4 S A R eh i JURR CYP2I2 RIVEY A B TR R PUFA-3R &AL
IR AEEAER . flan, /N CYP2J RN A -EAN KRR, B% CYP2J5, CYP2J6,
CYP2J8 , CYP2J9, CYP2J1l, CYP2J12 Fl CYP2J13°"1, CYP2J6 & & 4% i
CYP2J2 W [RIVEY), 1 — R R FIIAKF ERA 84% K RIVE P62, K E KA
By ELXRW, KRE5AN CYP2J2 W RIIEY A+ CYP2J3, CYP2J4, CYP2JI0,
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BB ke BAFAEREFMRY
CYP2J13 1 CYP2J16'%81, Forh CYP2J4 1E[FIYR 7 5 B 2300, AHALLME A 76%1621,
N T RE G b TR W G 2 A s R ZE RN DR () 4 B R S R OA S Bl I — TUT AN R
H VK C57BL/6 /N 20 NH AT 1 B G0 M % S 40 520001 IR R 4l R ke S M 3R
EHIRET A B TIHRAN T A CYP 4 ks R EHik. 7 C57BL/6 /NR
CYP2J6 15+ 4 I i 4l i A = 208, G0 /b S o3 40 R AHL 400 Al . 20 9% e I 40 o AR A2
TE RS A0 M . HH T 40 o 200 B 11 R PR AE 4 28 4% R AN 22 R AT PR B P kT o
PERITON, 204w 2% B 2 1 Jie Jo3 40 i A0 2 5% Jise I 4 M H 1) PUFA 38 S A6 4 ] BE A2 i3F
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1.2.3 CYP2J2 U4 IE{EH
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OCE B, R Rk A DU R T CYP2J2 RN, 5B /NR M
e, O RE S SR, H—Iet R, CYP2J2 fefd 58 O =,
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FakTtmls, e AR, CYP2J2 iRiAE I EET M= A 2 2t 7 WU A A [F A
JE AN R I PR AL 00, HER L, miRNA, U let-7, —FhfE AR iE &
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