Research Note: A novel recombinant subgroup E isolate of the avian leukosis
virus with a subgroup B-like Gp85 region in China
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ABSTRACT The avian leukosis virus (ALV) strain
DL00766 was isolated from a farm in China. The phylo-
genetic analysis showed that env had the highest homol-
ogy with the E subgroup reference strain, ranging from
94.5% to 94.9%, whereas gp85 had the highest homology
with the B and E subgroups, which were 89.0% to 91.3%
and 91.3% to 91.8%. In addition, point mutation analy-
sis of gp85 showed that a 400 bp long fragment in gp85

of DL00766 had the highest homology with subgroup B,
ranging from 90.1% to 97.5%, and only 82.7% to 83.1%
with E subgroup. These results indicate, DLO0766 may
be an AVL subgroup E isolate with a subgroup B-like
gp85 region. This is also the first finding that the E sub-
group is used as a recombinant subject, and the sub-
group B provides a recombinant virus of an exogenous
gene.
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INTRODUCTION

Recombination is a universal phenomenon in avian
leukosis virus (ALV). For example, Lupiani et al. (2000)
found recombinant ALV-B with J-like LTR,
Wang et al. (2017) discovered recombinant ALV-B with
J-like U3 region from the whole-genome sequence. Nine
putative recombinant events were detected by
Su et al. (2018) in the genomes of the three newly iso-
lated ALV-K strains, which got high statistical support.
Wang et al. (2019) discovered a recombinant strain con-
sisting of three subgroups of ALV-J, ALV-E, and ALV-
A in Three-Yellow chickens, Commercial Three-Yellow
chickens infected with the recombinant strain showed
severe immunosuppression and tumors. The more seri-
ous situation caused by the recombination phenomenon
is the emergence of new subgroups. For example, the
most popular ALV-J all over the world today is also
thought to be caused by recombination between an
unknown exogenous ALV and an ancient endogenous
retrovirus family (EAV-HP, or ev / J) (Smith et al.,
1999). In addition, the newly discovered K subgroup is
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also suspected of being a recombinant virus (Zhao et al.,
2018). Therefore, monitoring for recombinant ALV will
be the focus of the prevention of ALV. One strain of
ALV from commercial chickens was isolated in monitor-
ing, which was initially identified as subgroup E. How-
ever, further analysis of the virus env indicated that it
was a B and E recombinant virus. The molecular charac-
teristics of the genome of the recombinant virus were
reported in this study.

MATERIALS AND METHODS
Clinical Samples

In 2009, the spleen, kidney, and liver of a suspected
sick HY-LINE VARIETY BROWN were collected from
a chicken farm in Hubei province and were processed
separately in an anatomy laboratory.

Isolation and Identification of Virus

The total DNA was extracted from the tissue homoge-
nates as follows (Lili et al., 2014). The primer sets H5
(5-GGATGAGGTGACTAAGAAAG-3) and H7 (5-
CGAACCAAAGGTAACACACG-3) were used for
specific detection of ALV-J proviral DNA, which pro-
duced a 545 bp PCR product. Primer sets H5 and AD1
(5-GGGAGGTGGCTGACTGTGT-3') were used to
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detect ALV subgroups A to E, which produced 295 to
326 bp PCR products (Smith et al., 1998).

Positive samples according PCR results were sub-
jected to virus isolation in the CEF cells. The procedures
for isolation and identification of ALV in the cell culture
were performed according to previously described stud-
ies (Bagust et al., 2004).

The env, which had been amplified using universal
primers (forward primer was 5-GGATGAGGTGAC-
TAAGAAAG-3', and the reverse primer was 5-AGT-
TAAGCCATGCCCCGTTAC-3.), after the sequencing
results were obtained, comparisons were made by
BLAST, which showed closer proximity to the E sub-
group. Then the full length sequence named DL00766
(accession number: MH454773) was amplified by using
referencing 8 pairs of consecutive and overlapping E sub-
group primers (Supplementary Table S1) published by
Kong et al. (2008).

RESULTS AND DISCUSSION

The PCR. assay showed a sequence of about 300 bp,
which proved that the virus was a subpopulation of A-
E. The infected CEF cells showed positive result by
ACELISA on anti-p27 antibody-coated plates, and
uninfected CEF cells for the negative control showed
negative result by AC-ELISA, It demonstrated the pres-
ence of ALV in the samples. The env amplified using
universal primers was sequenced and Blast, showing
closer proximity to the E subgroup. In summary, the
new isolate named DL0O0766 was E subtype.

The complete proviral genome sequence of DL0O0766
was 7521 bp, with the typical arrangement of retroviral
genes (i.e., LTR-leader-gag-pol-env-LTR).The major
genes of DL00766 was compared with reference strains
of each subgroup (Supplementary Table S2) for Clustal
W in order to better understand the evolutionary rela-
tionship and molecular characteristics of this strain, and
it was found that gag and pol genes are well conserved,
with identities of 94.0% to 96.7% and 96.1% to 98.4%,
respectively. The env gene has the highest homology
with the E subgroup reference strain, ranging from
94.5% to 94.9%, whereas it ranged from 55.5% to 93.4%
with the other subgroup reference strains. A neighbor-
joining tree was drawn by MEGA program (version
7.0.26), and the confidence levels were assessed with
1,000 bootstrap replications. It showed that both
DL00766 and the E subgroup reference strains were in
the same cluster (Figure 1A). Overall, the results
showed that DL00766 belongs to ALV-E. The Blast
comparison result showed that in addition to E sub-
group, DL0O0766 also has high homology rate with B sub-
group, up to 90% or above. Meanwile, a phylogenetic
tree analysis on gp85 of DL00766 was performed and the
result showed DL00766 was in a separate cluster
between the B and E subgroups (Figure 1B). Further
sequence analysis revealed that the gp85 of DL0O0766 has
a region of approximately 430 bp, between 170 and
600 bp, and has the highest homology with the

corresponding region of the B subgroup reference strain,
which was 90.1% to 97.5%, whereas the homology with
the corresponding regions of the E subgroup reference
strains was only 82.7% to 83.1%. Bova C A et al. (1986)
pointed out that gp85 mainly includes 5 hypervariable
regions of Vrl, Vr2, Vr3, hrl and hr2, and these hyper-
variable regions determine the species specificity of the
subpopulations. Through a point mutation analysis on
the amino acid of gp85 of DL00766, 3 hypervariable
regions of Vrl, Vr2 and hrl were found to have similar
amino acid compositions to those of the B subgroup ref-
erence strain (Vr2 is completely identical), whereas hr2
and Vr3 were found to have similar amino acid composi-
tions to those of the E subgroup reference strains
(Figure 1C).

In traditional notions, endogenous viruses are often
used as providers of exogenous genes. For instance, J
subgroup reference strain HPRS-103 SU-coding domain
from endogenous sequences rather than from exogenous
virus (Bai et al., 1995).In addition, recombinant viruses
have been detected in laying hens, and endogenous
viruses provide exogenous genes (Liu et al., 2011). How-
ever, in this study, DL00766 had higher homology with
the E subgroup reference strain, with a little variation,
only gp85 was more specific, and phylogenetic tree anal-
ysis showed a single cluster. The hypervariable regions
Vrl, Vr2, and hrl of gp85 also showed amino acid com-
positions are similar to the B subgroup. These results
indicated that recombination of subgroup B fragments
may be present between the 170 to 600 bp regions of
gp85 of DLO0766. The DL0O0766 isolate is the first time
report that the endogenous E subgroup is a recombinant
subject, and the exogenous subgroup B provides recom-
bination elements, and finally the recombinant strain
was produced.

In addition, where the recombination fragment of
DL00766 comes from is also an interesting question. In
recent research,the ALV from Chinese flocks are found
to mutate frequently, Li et al. (2017) found that the
ALV-J quasispecies varied among infectedindividuals
even within the same flock, and the dominant quasispe-
cies continued to evolve both for their proportion and
gene mutation, Meng et al. (2018) found that the env
gene was more variable in 6 ALV-J isolates (SDAU1701
—SDAU1706), especially the gp85 protein, which shared
only 88.2% to 91.9% identity with the reference strains.
When the recombinant fragment of DL00766 was com-
pared with the B subgroup reference strain, the homol-
ogy with the external reference strains MAV-2, RAV-2
and Schmidt-B were 90.1%, 90.4%, and 90.6%. At the
same time, the homology with the internal subgroup B
reference strains SDU09C2 and SDU09E2 was 97.5%
and 96.3%. This indicates that the subgroup B strain
involved in the recombination might originate from
China. It is speculated that it may be that the flock orig-
inally carried the endogenous ALV and later infected
with the Chinese popular ALV-B, and then they recom-
bined in the chicken vivo.

ALV-E, as an endogenous virus, is generally less
active or noncarcinogenic. The study was derived from



RESEARCH NOTE

B-Schmidt-B

A B B-RAV-2
B-MAV.2
B-SDAUO9E3
Y -DLO0766 B-SDALOSC2
L ¢ -DLO0TE6
A-SDAUOSC3 E-ov3
A-RAV- E-ev6
A-MONCSU E-8D0501
D-Schmidt-D
E-ev1
B-MAV-2
= = C-Prague-C
B-RAV-2 D-Schmidt-D
B-SDAUOSE3 A-SDALOSCS
B-SDAU0SC2 A-RAV-1
ﬁ J-ADOL-7501 A-MONCSU
J-NX0101 ’—J-ADO.JSO!
L—E J-SDO7LK1 ]—': J-NX0101
HPRS-103 JHPRS-103
[XT) o050
Majority DVHLLEQPGNLW TWANRTGQTDFCLSTQSATSPFQTCLIGIPSPISEGDFKGYVSONNCTTLGTHRLVSSG- I|TGGPON
T T T T T T T T
10 20 30 40 50 60 70 Vil g
' 1 1 1 1 1 1 1
MAV-2 A3 A0 500 79
RAV-2 b B 78
Schmidt-8 dbc. s B B
SDAU0IC2 e awnn 78
SDAUD9E3 i | 78
DLOOTEE * Jen. 78
el 00000 RELn N DA .l N S5 Bt 500 i St (T He feeSt 2008 ol NS SR a0 W s e SREIC o . RS EE S Son i 77
M. Eiem o et e nae KK R mTE B e S0 RGeSk A e et WENSE are e B wae ok siea 8 e eer s B kbl wiens 77
b e s as e e os R R D N ST R SR R s e g B as T s e D s ae Al o8 A 72
577 - S W dheicvilosiaaghaniapaibutilctiodundismofoniiiiviacbetnniiupealcuniiogeaigund) ool | (ol | (i 7
Majority [TQl PSVAGGCI GFTPYGSPAGVYGWDORRQVIHILLTIDPG| hrl
T T T T
90 vi2 00 110 120 130 140 150 160)
MAV-2
RAV-2
Schmidt-8
SDAU0IC2
SDAUO9E3
DLOOTEG %
ev-l
ev-3
ev-b
$D0501
Majority VNPFFNKASNSSKIPFTVVTIADRHNLFMGSEYCGAYGYRFWEMYNCS[QRFDONFSI YT CGDVAGVGSPEKQCVGGGGIWYNQ
T T T T T T T T
170 180 1% 200  hr2 210 220 230 240
i 1 ] | 1 1 1 L
MAV-2 s I e = O WAL S WATIS s s 237
RAV-2 75 . i o Qs Weills P o NWATST: 5 %s 236
Schmidt-8 e . s mmim e Wonlie P o N W TSI o N 236
SDAUDIC2 - . i wey oy Wella Ly oSWaT3Th s & son I8
SDAUOSE3 e 3 | coe. M .W.R.L..SWTST. 235
DLOOTEG * e T Wi sus 0% 5 25w s Ti Kow vor oes soma s wos 238
B G s 5 ek o 0T Ml i i, 506 B e s R AT o e | W o i T Kok ot & Bl Qs 237
ws  lsseses $urn o o Tlli% s 4 200 5 40 185 S8 T TR S5 3 | il e i 5 2% ¥ 29 3 Ta Ko wiot ass vn e i san 237
7 A e s 5o AT Bl g s £, (e et SR i S S e & | W e IS5 B o o 6 T Biew I e o axranils sisns PEY)
s00s01 ... 8w v o Tllivi s 5 K 7 455 06 DU TR0 TR B4 Vo oo Wies 5385 B v i [T Ol Y e 237
Majority SKEINETEPFSFTANCTGSNLGNVSGCCGETI TI LPSGAWVDSTQGSFTKPKALPPAIFLI CGDRAWAGI PSRPVGGPCY
T T T T T T T
e i bl ol G e i 3
MAV-2 SA; S Bk ek GrE RE R AR os T ik oal 8 oi Loz Po|ies sk S5 b 5hE Unh 0 055 % 45 D% £ A% S 0ER UHG Ul 317
RAV-2 b 2 g Rt s R R s | B s BB ok feoire s 5 ishseh whs i R 1 s s o < e g aeinsio 316
Schmidt-8 & st Sae B Vo o e & e @ damisane P s BB loon: s son wovm s 5806 o S T R R R0 S SRS TS GG 316
SOAD0ICE. & o' SRS SN et i GV 5 08 W s Bl ¢ S—— R Bhms 3 5% 940 € 36 S B DR Wi 316
SDAUDIEZ oot e 18 B inmse Pl MadBle, s ox cspincs hims w2 B0 5 mc propick s o Bimme B Sasnsnees 315
DLOOTE6 ke IR s, 5 05 e e KT oo Lo, stoects: wcon eSS H6) SEH: GheaEs T R T o AR S it 318
L T Rxoovs & o % oo s S Spe— Gl sNel g 13 B % T VR AR T RS SOF SR R S R 317
000 s dassas s ssanes s Kionisasdnans e (R bl s oo pasnnines 05 A0 S ESA T o REAE GO R AN BAE VA AR 317
B s mavees s § i o, o e s ovsciorom | s e s eivi e £ TS S i, o e SRS e SRy 32
SD0501 ¢ S o BN PR T R i % @5 © 0w B Kahs owce weuamw oo 5% % T3 8 36 ¥ €3 % @8 ¥ €9 ¢ 09 & @F W a0 @ae w0y 317
Majority LGKLTMLAPNHTDI LKI LANSSRTGI RRKRS- -~ - - - -
T T T
330 340 350
i I 3
MR, o et ol o 9 E ue Bitd e T et B v 349
B i Booe et M A e L 346
SAMIRE § oo R Set s W8 T SO § @ B TS v 348
T R e @: V. B 5V 348
SORUOOER. g s oot S nsivst Rl e 0 i B ke O v 347
OOTEER. & svns s st s s Vs o v & et i 348
P T 326
7| S s G vcitfieh C 326
BEEL . o e ke e B T it 6k, 0 omoihices 4 TSHLDDT 350
S0080d 43 i eedes 326

Figure 1. Phylogenetic analysis of DL00766. Black Black star (v)

indicates ALV isolates in this study. (A) Phylogenetic tree of env nucleotide

sequences and reference strains; (B) phylogenetic tree of gp85 nucleotide sequences and reference strains; (C) comparative analysis of amino acid
mutations in variable regions of gp85 between DL00766 and other ALV-B,E strains. Abbreviation: ALV, avian leukosis virus.

an ALV long-term monitoring project. Usually, the staff
only collect samples of chickens with suspected symp-
toms, which make us suspect that DL00766 has a certain
pathogenicity. However, It requires further research to
reveal the pathogenicity of DL00766 and the relation-
ship between pathogenicity and recombination.

It was found that a 430 bp recombination of ALV-B in
gp85 by phylogenetic analysis of DL0O0766 in this study.
Moreover, this study presents the first finding that the
endogenous E subgroup is a recombinant subject, and
the subgroup B provides an exogenous gene for a recom-
binant virus and it may cause pathogenesis of the E
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subgroup. The emergence of this kind of isolate reminds
us to pay attention to the phenomenon of recombination
and speed up the purification process of the chicken flock
and strengthen the monitoring of ALV.
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