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Abstract: [Objective] To explore whether porcine deltacoronavirus (PDCoV) can infect and
proliferate in different animal species-derived cell lines. [Methods] The Sichuan isolate CHN-SC2015
of PDCoV was inoculated in twelve cell lines derived from hamster, poultry, monkey, human and
swine. After at least five blindly passages in each cell line, the virus was identified by RT-PCR,
RT-qPCR, indirect immunofluorescence assay (IFA), and sequencing. [Results] PDCoV caused distinct
cytopathic effect (CPE) in Vero, PAM, PK15, ST, and LLC-PK1 cells at the 1st passage (P1) and
proliferated to various degrees in PAM, PK15, ST, and LLC-PK1 cells, while the CPE gradually
disappeared during subsequent passages in Vero and PAM cells. Except that in the three susceptible cell
lines (PK15, LLC-PK1, and ST), the viral copies of the infected cell lines gradually decreased with the
increase in passages, and PDCoV could not be detected at P4 or P5 of DEF, Marc-145, HEK-293,
ZYM-SIECO02, and PAM cells. PCR results showed that PDCoV could be detected only in CEF and
Vero cells at P5. The IFA results showed that PDCoV could infect other cell lines except BHK-21 and
ZYM-SIECO02, and specific immunofluorescence was observed in PK15, LLC-PK1, and ST cells at P1,
P3, and P9. Therefore, only three cell lines (PK15, LLC-PK1, and ST) were suitable for serial passage,

7.00
0

with the virus titers up to 10", 1 , and 10”?7 TCIDs/mL at P9, respectively. After passage in

different cell lines, CHN-SC2015 accumulated 14 nucleotide mutations corresponding to 12 amino acid
mutations. [Conclusion] This study indicates that PDCoV can infect a variety of cells in vitro,

suggesting that it may have the potential of cross-species transmission.
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Mz Zg RN B AT I Y5 96 £ (porcine
epidemic diarrhea virus, PEDV)FI{% 4e 4 i &
JA B (transmissible gastroenteritis coronavirus,
TGEV)E T o R EE)E , A5 EAFH ™ &K
TSHBET- P, B IR A LG 51 R NS g,
L35 ™ 2N E PR 25 5 AR SR 0 B (severe acute
respiratory syndrome coronavirus, SARS-CoV).
H AR IR 22 A AIE iR 9% B (Middle East respiratory
syndrome coronavirus, MERS-CoV)H1H %l ik
5 1 (SARS-CoV-2)2:1431 5 J& A7 AE T4
BRI R o B IR A
i, BRBOAE v M8 IR B Y B 21
F, SARS-CoV Fl MERS-CoV #BHe I T i I ,
I REBS W) A AL 15 SR gL A 3 ) 2= N 265 R B
AIRATIN . S22 1 SR B 1R 8] A4 4% v
A s R XL T

¥& T AR 3% (porcine deltacoronavirus,
PDCoV)n] 52 LA MR TS . MXnt | ik
MIZETS, T 2012 4F 1 IRAE A HE A3 BOAE B b &
B, PDCoV % K & e HikiE, JHeE
2014 AR & R R 20 240, BEE 2 EEK
WRAEZIR AT, EFRREE R T H 24
PRI PDCoV 313 1/3 ML H 41 3 B 4
4 FhestbyEE, BIEFREN(S) . /MEEF(E) .
B 1 (M) AR ACTE R TN 3 i B 2 1
NS6. NS7 #l NS7a"!, S 2 [ /& —Fl i b Ak
ey 1 RIS, BR T At ASL, 2
P SE A IR SUE R OCHE I R, e
AN A I B U SRR
FiAG 4% — B R TE R R,
PDCoV L HA7 B Y 2 Fh 3l Wy F1 40 i i) 95 5 o
Li 8052 %MW, PDCoV w i HImi 7L sh ¥ f
K KBS N (aminopeptidase N, APN)4rF4E
Rk AZA, IF H AT DAAE RSB FE N L
FIASTEN ) Z R AL 3R PDCoV i 1T LUK
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Y R 1% 25X, HeFl PDCoV S K0 H 5%
JIE WV S e ARG I 2 A e i A R UYL eAh,
3-7 HE# /N AT UG PDCoV, FfHATLL
Free i 2 26 b i PDCoV A% IR Al Sk 1.
1 1gG Bk, (FJZBAT B i i 101 473 i 2 AR
£, Lednicky 4§ 1 ¥4l , PDCoV J& e A%,
1E 369 £ 2k oA M AR LT MR b, A HY
T 3 {378 R PDCoV!®, X ELHF5EHER
PDCoV {7 TE B W R L% 03 71, "TREHEA A3t
PAER AR

FATHT A O 4 B AR AT V0 B L X 2R 1 AR
PDCoV @tk #k1T T RGN, ATk —
A PDCoV 4B kk CHN-SC2015 &7t A
P R 1 JRUS: R g, AN IR B R AE K
AR, X8, B ARER 12 Fhaiig &
PEA TR AL AR, 4007 2 = 85 97 PDCoV 140
IEL 72 R0 A A B A A2 4 XU £ AR AR

WEERE

1.1 ##y
1.1.1 mESHEBAR
PDCoV CHN-SC2015 #£(GenBank %3¢ 5 :

MK355396.1) i A 52 50 % D\ DU 1| & A V5 1Y
g st 37 LLC-PK 1 40 rh i 845 14R,
B 15 ARPIS)IFRADISE . AFRFER 12 F
MIERGEE D, WiFHEERBHK-21), #E(Vero,
Marc-145) . A\(HEK-293 ,HeLa) . J#4(ZYM-SIEC02 ,
PAM. PK15. LLC-PK1. SORIZE & 2 Fhl5
R 41 e & (CEF . DEF). & Mp I 2 40 i R
(ZYM-SIEC02) i 74 db A MROBL 7 K 2 B = 2= B
5K B WA # 47 2] CEF I DEF fi§ 9 H % SPF
R R R o 25
1.1.2 FEZiRXH

DMEM. /NMEIMIFEH Gibeo A+l R4
MIEW H PAN 24 )5 & RNA G0 & 5
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Table I Summary of cell lines from different animal species in this study
Species Origin Cell name ATCC® number
Hamster Baby hamster kidney BHK-21 CCL-10
Poultry Chicken embryo fibroblasts CEF N/A
Duck embryo fibroblasts DEF N/A
Monkey African green monkey kidney Vero CRL-1586
African green monkey kidney Marc-145 CRL-12231
Human Human embryonic kidney HEK-293 CRL-1573
Human cervical carcinoma epithelium HeLa CCL-2
Swine Small intestinal epithelium ZYM-SIEC02 N/A
Porcine alveolar macrophages PAM N/A
Porcine kidney PK15 CCL-33
Porcine kidney LLC-PK1 CL-101
Swine testis ST CRL-1746

N/A: not available.

ETAEY TREEE)RMABRA A ; Rapid Tag
Master Mix W) H B 5o MEHE A BB A BR A
) ; PrimeScript™ RT Reagent Kit, SYBR® Premix
Ex Tag™ 11, PrimeSTAR Max Premix l§ H 4=
YICRIE)E R/ F]; %&bt PDCoV N &AL wif#
PUAR A S % #1455 FITC Arid ML %R 1gG
W SR AR A HR A PR A F .
1.2 PDCoV ZE A4 EHIIEFE IR

B 12 FhARBa /e T T75 4R, Rrgif
K2 90% LA I, PBS P& 3 WK, 7E 545 0.5 ng/mL
(BHK-21, CEF. DEF #1 HeLa). 1.25 pg/mL
(HEK-293., ZYM-SIE C02)&% 5 pg/mL (Vero.
Marc-145, ST. PK15, PAM Fl LLC-PK1)J i
)47 fif DMEM H 8y 52 5 (MOI) S 0.1 $54
PDCoV, W& 1.5 h, W, MAZHRED 2%
I3 (HeLa 20 L) AR AR SL3E 57 . TEIRGL )5
12, 24, 36, 48, 60, 72 h 23 5lUssE 500 L |
11T RT-qPCR 23 #r, FFW%E CPE.
1.3 PDCoV A4 i E R IE3F

K 2 90%LA LI, H2Fl PDCoV W HE
1.5 h, FEW S5 A5 R B8 2% I 17 (HeLa 4 ifd)
PIYERRE T 37 °C 153k 4 d, ¥ dui e 52 vkl

3K, #£ 4 °C T LA 8 000 r/min &[> 10 min W4 I
W TSR SR AR EA% A0, e MR
E &% /0 548, 1T RT-PCR & RT-gPCR #5:ll ,
1.4 RT-PCR X RT-qPCR £7E

PEBOAN AR BRI ) 5 RNA, [ sk gk
73 cDNA, £1%F NS7 ZEH B b FiiE519: 5'-AT
GGCTACTGGCTGCGTTAC-3'#l 5'-GCGTTTC
CTGGGCTGATT-3"#47 RT-PCR %5 . il %5 &
A PDCoV M H:H 741 1) pMD18-T it 37 b
HERZE, A M EEEP EL FIESIY: 5-CCA
ATGGGTACATGGAGGT-3'F1 5'-GTGGCGGAT
TTCTAACTGA-3' 17 RT-gPCR #& , &
PDCoV RNA &, OWVAIFUTT : 95 °C 30 s;
95°C5s, 55°C30s, 72°C 30s, 40 MEH;
72 °C 10 min,
1.5 5 B4HAE TCIDs M ZE

43 3H PDCoV 7E LLC-PK 1. PK15 F1 ST 4H
fi b P1. P35 P9 By EEIk, 7E LLC-PK1 Zffifd
I EREEGRE . B 100 pL fEEEM, HEHR 10 4%
B VEAT ROV FR(107'-107"0),  [R]mH5E 8 P 4] 2%
FIXFRE, #F LLC-PK1 K1 96 fLANAEAM, PBS ¥
2 IR IMAM BT R s, TR 8 N
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i, 37°CHEE 1.5h, FMEER, A 150 pL &
5 ng/mL BEEGAAERRR, 37 °C 4keliisR. 4 H Xﬂ
%% LLC-PK1 A A8 fE oL, LS 4-7d,

Efﬁﬁ Reed #l Muench [Giki15 TCIDSO[”’]O
1.6 ARRERX IFA £E

Y M T An e R 12 LA,
MOI=0.04 $# PDCoV, J&Jt 36 h 57, FEb:
AL, A PBS TR 1 IR, 4%Z R HERFE
30 min; ] PBS PB4 3 ¥, 0.5% Triton X-100
3% 30 min; A PBS VYB3 U, FH 2% BSA
37°C £ 1 h, SRIGTE 4 °C B F %bit PDCoV N
FEAPUAR(1:200 Fif)id % ; F PBST (PBS+0.1%
Tween-20)0Ei% 5, #OEHIFH FITC ARiciFPiR
1gG (1:500 i #¥) 1 hodpe 5 — KBRS G BUHTE f
DAPI #1744 4
1.7 AEHEERE S EENFS T

Z: M CHN-SC2015 ¥k S I P F 1T |
514 . 5-CACCAGGACGCCTTCTTGTGA
GG-3'Fll 5'-CTACCATTCCTTAAACTTAAAGGA
CG-3', MA[RI4H M R AR h 3 S BRI
5 LLC-PKI1-P15 A MEGA-X #AFiE4 7
FELURT, A3 HTZ IR S S IR SR G I . R A
T:98°C5s, 55°C 155, 72°C 30s, 34 M.
1.8 AEI#IE APN Byt L o 47

J A ASRIYIFIE APN 151 2 5 &% H:

FEAS 7] Bl J 4 B JEk e rb 9 W AR AH DG,
GenBank 1T % 25 AR FIE) APN 741,
FIH MEGA 7 %, RASR#HL, T APN 1)
BERIT IR TR EW
1.9 HIESH

AW ST AT AR B R AT 3 IR E A 5
5, %59 GraphPad Prism 8 3K {FiE(T403 4y
o BETESMRH Student’s ¢ K550 . FiTH
T A * ;. P<0.05; **. P<0.01; ***, P<0.001;
ns: P>0.05,

2 BREM

2.1 PDCoV ZEAREFFKIRMAMZE Loy
CPE
PDCoV CHN-SC2015 # X MOI=0.1 &<k

BRI AP 12 FhAifi & , WS40 B e A TR
R E] 5 A A2 KORAS . HeLa 200 0 X6 fi il %
PCHAS B TR, 7 2% R4 & ) DMEM 14
AEFFI 45 R ,PDCoV 7E Vero .PAM .PK 15,
ST F LLC-PK1 4 i) P1 R BLH B 2 /% CPE
(& 1), {HLE Vero FI PAM 4 i J5 8Lt rh
CPE Z #1155 . AHF5% PDCoV £ Vero ZiiJfid P1
A KSRGS, JF HAE 48 h AT DL 2500

FLH G MR BT (K] 2A), (H A P3 A2 AR 82 3|
B3 10 A TR AR

E 1 #EF#h PDCoV CHN-SC2015 #/5 72 h I A EI 4 & H &) CPE

Figure 1
magnification, x100.
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CPEs in different cell lines inoculated with PDCoV CHN-SC2015 at 72 hpi. Original
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2.2 PDCoV ZEARHEMZR L aYIETE
l':E

J T HiE PDCoV & 7E ik L4 it 3R 3
B, FEANIE BB TE] S 4R PDCoV IR 4H g P1
() b5 W, ] RT-qPCR K65 75 19 M 3£ RNA
Ko BERFEH . (1) MHEE NUEE BHK-21

R LT 3% A 2 (E 2B); 7E&JR(CEF F1

DEF)Hl ZYM-SIEC02 41l fitd - biti st 7] 322 7 T [
(Bl 2C. F); (2) 7EMEIE(Vero Fl Marc-145)F1 A
JR(HEK-293 il HeLa)4il B, 8¢5 DL 5w A
s, A2 )5 #s (8 2D, E); (3) MNEETE
¥ Ui PAM, PK15, ST #l LLC-PK1 #fijfg 4
SRIEEE . BRIt 4N, PDCoV 7E ST 40+ (1
S 84 DB =1 (] 2F).

A B
A) (B) 12
g 11
3 5
g5 10
— ©
<9 9
> o
= 8
~ 5
0712724 36 48 60 72
Hours post infection
(®) (D)
120 == CEF 12.0¢ = \ero
== DEF == Marcl145
3115 ~ 11,
_ 3 2
gg 11.0 E £ 10y
— 9 ~ " z - °
E 21057 g 2 105¢
> il zoolalalibi b b
= 10.0 = 10.0
0070 701 36 48 60 7 0072 724 36 48 60 72
Hours post infection Hours post infection
(E) (F)
131 == HEK-293 15 = 7YM-SIEC02
14 # === PAM
) Hela 3 == PK15
= 12t = 13 S
-:?s 5] S 0 12
2's S0 M I sl s == LLC-PKI
= 8 17 - 551 ;
St alab a2 e
o Q 7
2 10 2 9
0 12 24 36 48 60 72 R 24 36 48 60 72

Hours post infection

2 PDCoV EXREMFKRIRMA R L HIIETEIF R
Figure 2 Proliferation of PDCoV in cell lines from different animal species. A: cell fusion and syncytium
formation were observed on Vero cells inoculated with PDCoV at 48 hpi; B: proliferation of PDCoV in
hamster (BHK-21) cells; C: proliferation of PDCoV in poultry (CEF and DEF) cells; D: proliferation of
PDCoV in monkey (Vero and Marc-145) cells; E: proliferation of PDCoV in human (HEK-293 and HeLa) cells;
F: proliferation of PDCoV in swine (ZYM-SIEC02, PAM, PK15, ST, and LLC-PK1) cells. The viral loads of
PDCoV was determined by the standard curve and is expressed as the mean (logjo copies/uL)+standard
deviation (SD). The P-value<0.05 was considered statistically significant compared with those at 12 hpi.

Hours post infection
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2.3 PDCoV EAEIFAE L BELSEZR
B THfisE PDCoV CHN-SC2015 HERETTE
12 FhAti il 2 pARE AL AR, R TE Rl 40 &R
HEEZED SR, g5RER, 3 RS,
9 FRAIRIA Gy Jk . WBEAE 9 FhlE ) i an il vh 1%
AR IR ()95 B 2 T RT-qPCR Hl RT-PCR ki
W, TS 7E LLC-PK1 40 % TCIDs, i
%€ PDCoV 7& 3 Fh by 840 il (PK15 . LLC-PK1 #I
ST). I P1. P3 Fl P9 A 55T JE (% 2). 50T
N, (1) 80 PDCoV WAL Z A il &= iy 8 4
(B CEF #b), i sE RNA i b5 AL 3 hnm
BETRRAR ,, Horp, 7€ DEF | Marc-145 . HEK-293 |
ZYM-SIEC02 F1 PAM 4 i i) P4 5%, P5 H A fEk:
%] PDCoV (I 3). #A1fi, CEF ZHJifl P2 5
B RNA b B M, AR5 P3IkE R
P1 AHRLA K (& 3B). PCR 455K B, RATE
CEF H1 Vero 4iffify P5 HiLREANIE] PDCoV
(K 4). (2) HE%& PDCoV fE 3 M5 /4 & I
MIELALA, SR B s, JFH P9 I
P1 40125 10-100 £%(3 2).
2.4 PDCoV 7E4HAE R P AR IXHT IFA £E
e PDCoV J&, #4734 A B 2.
) CPE, HHULHHL N &AM L wEPRETT
IFA %56 & M AFTENN 828y o 1% PDCoV ik
f 12 Ff 20 i 2R 1 AS TR AR UK (B BB 4 L PKLS
LLC-PK1 1 ST 4 P1, P3 #il P9; HAth4iifig

F2 TREMNKXPDCoV BB E (TCIDsy/mL)
Table 2 Infectious titers (TCIDso/mL) of PDCoV
of different generations

Results of different

Parameter Cell lines generations
Pl P3 P9
Infectious titer/ PK15 1059 10%12 107 M
(TCIDsp/mL)  LLC-PK1 1052 10%12 107%
ST 106.32 105.55 107.37

<l actamicro@im.ac.cn, & 010-64807516

) P1,P3 Fl PS)TF 36 h [E5E . 25 R EMH . (1) 7
BHK-21 #I ZYM-SIEC02 4 Jfl I & W 2% 3|
PDCoV N [ 5HaiEs (Kl 5D, E);
(2) W EE N EHAUTE R & (CEF . DEF)  Jf(Vero .
Marc-145), A (HEK-293. HeLa)fl PAM 4l ifg
) P1 A k(& S), i HZE HeLa 21 i o jg e
AR, Pl A R8T HA 4 & (K 5C);
(3) 7£ PK15. LLC-PK1 #i1 ST 40Jfif%) P1. P3
A PO YR DOUWEERI 4 vE fe g ook, I HAE
LLC-PK1 41 il o 22 B B 2 19 & i AR B A%
(K 5D), [FIFfE, #:Fh PDCoV ) ST 4l N &
Rk K f i o XS R, K25
A7 PDCoV CHN-SC2015 kR RS E1L4L,
HA 3 Fhguie & (PK15, LLC-PK1 F1 ST)i&E G
I 1 I A E G A
2.5 PDCoV B A RIHME S ERFHIF5
ST

TE 5 AR (LLC-PK 1, ST F1 PK15)H,
PDCoV #Z:MEE P15, N T 6 E A [H 40 i
ZAEH PDCoV ) S BN 2 &/ EAZE R,
4 PCR 45 % (8 4)%f LLC-PK1. ST. PK15
# P15; PAM., DEF. BHK-21 4 P2; Vero,
CEF 1) P5; HEK-293, HeLa, Marc-145 A
ZYM-SIECO02 i) P3 ¢ 3 5e %% S FL P IF 0 7
5 LLC-PK1 I P15 (NMDCNOOOONNO)H 4%
S RPN, S5REY], § HELEK
3480 MZEHIR, Gt 1 159 DNEFERR , JREELE
BHK-21 #H i {44t 2 ¥k, 7€ HeLa. Marc-145
M ZYM-SIECO02 4 it 4% 3 e , S B K41
JoRAE . HoA AR F(NMDCNOOOONNA-G)3E
A 14 DR AR 12 D EER R E
Hodr 1443 12277 (2R L RAE, TERAEM
IR, 162 (L2 FEM AT S1 FIH MHE
BALG s (R 3. F 4),
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(A) (B)

©
151 %%% %% NS NS 15 r wwk wEw wEE % 15 ewsk wokok ok
e 1 11 11 JELE
3 = ~
3% 10f L3 S0l
g 9 B8 B3
25 S & S &
El s 8 = 3
'>" 50 | = 2 =) |
E 5 > & > 5
0 0
Pl P2 P3 P4 PS5 P1 P2 P3 P4 PS5 P1 P2 P3 P4 PS5
Different passage Different passage Different passage
(D) (E) (F)
151 r***]*** [*** ook 15 er ire ren eee 15 Lpus wkn ene sual
~ ~~ l —~
— — 5
ER kR ER
S & 2 g 2 g
— 9 - 8 — O
£ £ g 2
> gﬁ > @ S5t > %B
Sk S 3
0 N/D N/D
Pl P2 P3 P4 PS5 P1 P2 P3 P4 PS5 Pl P2 P3 P4 PS5
Different passage Different passage Different passage
G) (H) @
15 [ Iy SEE FE ns 15 | seoksk skksk skksk skksk 15 [
~ P [ Il I \ ] . sokk Rkl ko
3 3 3 LT
|5 % 10 S S % 10k
s O < O < O
S 'a L 'a L 'a
= 3 s 98 s 98
- %B 5 > gﬁ > %ﬁ 5k
3 2 =
0 N/D 0 N/D N/D
P1 P2 P3 P4 PS5 P1 P2 P3 P4 PS5 P1 P2 P3 P4 PS5

Different passage Different passage

Different passage

B3 ESEKHARMEEESD PDCoV HIFSAELL

Figure 3 Viral loads of PDCoV in different cell lines during serial passages. A: viral load of PDCoV in
BHK-21 cells; B: viral load of PDCoV in CEF cells; C: viral load of PDCoV in DEF cells; D: viral load of
PDCoV in Vero cells; E: viral load of PDCoV in Marc-145 cells; F: viral load of PDCoV in HEK-293 cells;
G: viral load of PDCoV in HelLa cells; H: viral load of PDCoV in ZYM-SIECO02 cells; I: viral load of PDCoV

in PAM cells. The viral load of PDCoV was determined by the standard curve and is expressed as the mean
(logyo copies/uL)+standard deviation (SD). N/D: not detected.
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bp M Pl P2 P3 P4 PS N P
750—
500—
250—

BHK-21

CEF

DEF

HEK-293

~ NN ]
wn N W
TT1T

HelLa

~J
W
T

ZYM-SIECO02

PAM

Marc-145

M P1 P2 P3 P4 P5 P6 P7 P§ P9PION P

--- - Vero

4 A[ERXHE) RT-PCR &

Figure 4 RT-PCR detection of different generations.
M: DL2000 marker; N: negative control; P: positive
control.

2.6 AEFEZNY APN WRKEB S

M GenBank K131 25 ISAREYFIH APN
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Figure 5 Identification of PDCoV-infected cells at different generations by IFA. A: poultry (CEFs and
DEFs); B: monkey (Vero and Marc-145); C: human (HEK-293 and HeLa); D: swine (ZYM-SIEC02, PAM,
PK15, LLC-PK1 and ST); E: hamster (BHK-21) cells. FITC-conjugated goat anti-rabbit IgG was used as
secondary antibody (green). DAPI was used to detect nuclei (blue). Original magnification, x400.
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&3 PDCoV #EMARMERR S ERAMZERERSN

Table 3 Nucleotide variation analysis of the S gene of PDCoV after infection of different cell lines

Nucleotide position

Passage 484 500 578 787 1188 1443 1450 1769 2277 2389 2636 2767 2813 3092
LLCPKIPI5 G A A G T A C A C G C A A C
ST-P15 G A A G T A C A € G C A A C
PK15-P15 T @A 1 BA 6 A ¢ T T A A c
PAM-P2 G A A G T A G T C G C A A C
Vero-P5 T @@ Bl ¢ A 1T 6 ¢ A A T
HEK293P3 G A A G T A C A C€C G C A A T
CEF-P5 T A~ T T A G T € G T A A C
DEF-P2 T T B ¢ A ¢ 6 ¢ G G 7

The colors red, yellow, blue, orange represent the nucleotide A, T, C, G after mutation, respectively.

&4 PDCoVEMARMBRE S ERMNRBEBRERFNN

Table 4 Amino acid variation analysis of the S gene of PDCoV after infection of different cell lines

Amino acid position

Passage
162 167 193 263 396 484 590 797 879 923 938 1031

LLC-PKI1-P15 D H D \Y N Q E D S T N T
ST-P15 D H D \Y% N Q E D S T N T
PK15-P15 Y -D L -E E Y L T N T
PAM-P2 D H D \Y% N E A% D S T N T
Vero-P5 Y _L -Q E D S T N I
HEK-293-P3 D H D \Y% N Q E D S T N I
CEF-P5 Y L N E A% D L T N T
DEF-P2 Y Q E D S A S I

The colors red, yellow, blue, orange represent the the amino acids corresponding to mutated nucleotide A, T, C, G, respectively.
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Figure 6 Phylogenetic analysis of APN amino acid sequence from different species. The phylogenetic tree
was constructed using the neighbor-joining method with bootstrap values calculated from 1 000 trees in
MEGA 7 software. Only bootstrap values >70% are shown at the branch points. Reference sequences
obtained from GenBank are indicated by GenBank accession numbers and species names.
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