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Abstract: [Objective] Citrus tatter leaf disease is a viral disease that harms citrus trees. Currently, it is
showing an increasing trend of spreading and causing plant weakness, death, and even large-scale de-
struction of orchards. It has become an important obstacle to the sustainable development of the citrus
industry. The aim of this study was to clarify the occurrence and distribution of citrus tatter leaf disease
in Zhejiang Province, as well as the diversity and genetic differentiation of its pathogen, and to explore
the origin and evolution of citrus tatter leaf virus (CTLV). [Methods] From 2019 to 2022, we continued
to investigate the occurrence of citrus tatter leaf disease through observing and recording the symptoms
of the disease in various citrus production areas in Zhejiang Province. The 46 citrus varieties included
Ehime Kashi No. 28, Haruka, Mantouhong, Himekoharu etc.. For the detection of citrus tatter leaf vi-
rus, total RNA of the samples was extracted, and RT-PCR amplification was performed with specific
primers. The amplification results were detected by agarose gel followed by observation and photogra-
phy. The target band on the agarose gel was cut off and then the PCR products were recovered using a
DNA gel recovery kit followed by a bidirectional sequencing. After aligning the obtained sequences, the

similarity of the nucleotide and amino acid sequences of the coat protein genes from different samples
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were analyzed. All the sequence information were submitted into GenBank website and were also used
to construct a phylogenetic tree using the neighbor-joining method of MEGA 5.05 software. [Results]
The results of field investigations showed that the symptoms of citrus tatter leaf disease were generally
similar among different citrus varieties. The infected trees usually grew slower and the tree vigor was
weaker than the healthy trees. The leaves of the diseased tree showed a systematic slight yellowing at
the initial stage and gradually worsened. In the later stages, the leaves became severely yellowed and
gradually fell off from the tree, resulting in few or even no fruits. Finally, the entire tree died. When the
diseased trees were subjected to strong winds or external forces, the graft union of diseased trees was
prone to break, and the cracking surface was smooth. Out of the 951 collected citrus samples, 311 sam-
ples were infected with the disease, with a positive detection rate of 32.70%. Apart from Huzhou city,
the disease was found to be widely distributed in various citrus production areas in Zhejiang Province.
There were also significant differences in the positive detection rates among different counties or dis-
tricts within the same region. From a variety perspective, out of the tested 43 citrus varieties, 27 showed
positive results. The positivity rate of Tangor type was 48.54%, significantly higher than the Tangelo
type (12.33%), Pummelo type (16.54% ), Tangerine type (16.22% ), and Mandatory type (13.85%),
while the positivity rate of Grapefruit type was relatively low. Within the same type, there were also sig-
nificant differences in the positivity rates of different cultivars. The constructed phylogenetic tree based
on the coat protein gene sequence of CTLV showed that all the 144 isolates were clearly divided into
two major branches. The first major branch contained 98 isolated samples, and the second contained 46
isolated samples. From the perspective of townships, the isolates from 31 townships distributed in the
first branches, while 21 townships samples distributed in the second branches, and the isolates from 16
townships distributed in both branches. From the perspective of counties, 15 and 10 counties-isolates
distributed in the first and second branches, respectively, and the isolates from 8 counties distributed in
both branches. From the perspective of cities, the first major branch included the isolates from all of the
8 cities in Zhejiang Province, while the second included the isolates from 6 cities. The two major
branches were further divided into 12 secondary branches, and the collected samples from Zhejiang
Province were distributed in every branch. The samples collected from Taizhou City were also widely
distributed in multiple secondary branches. From the perspective of citrus cultivars, among the isolates
from 46 citrus cultivars, the isolates from 36 and 22 cultivars had clustered in the first and second major
branch, respectively. The isolates from 12 cultivars had distributed in both branches. Among them, 36
and 21 isolates of the most abundant variety, Ehime Kashi No. 28, had clustered in the two major
branches, respectively. From the perspective of the citrus types, 10 citrus types were distributed in the
first major branch, while the second included 9 types. Among them, the distribution number of the iso-
lates of Tangor type which had the highest quantity were 55 and 26 in the two major branches, respec-
tively. [Conclusion] The occurrence of citrus tatter leaf disease was common in citrus production areas
in Zhejiang Province, and it widely harms different citrus types and cultivars. The pathogen population
showed rich genetic diversity, but there was no obvious correlation between its differentiation and geo-
graphical isolation or host varieties. The results of this study would provide a reference for further ex-
ploration of the origin, systematic evolution and pathogenic differentiation of the CTLV. At the same
time, it seems to be possible that the proper procedure of variety introduction and nursery tree transpor-
tation would be the key to prevent the occurrence of the disease.
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A. Himekoharu shows leaf yellowing and plant stunting; B. Leaves of Ehime Kashi No. 28 shows severe yellowing and abscission; C. The graft
union is prone to breakage and the crack surface is smooth; D. The graft union and inarching junction are prone to breakage and the crack surface is
smooth; a. Scion; b. Rootstock; c. Inarched rootstock.
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Fig.1 Symptoms of citrus tatter leaf disease in the field
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Fig. 2 Distribution of citrus tatter leaf disease in citrus production areas of Zhejiang Province
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Table 1 Incidence of citrus tatter leaf disease on 43 citrus varieties (strains) in 11 prefecture-level cities of Zhejiang Province

Wi X E(ﬁd‘\[ﬁ)‘ HEHE 5 Bk RURE S BAPERE AL ISE‘T?%
Region C(.)un-ty (City, Citrus cultivars Types Number of Nur‘n-ber of Positive
District) tested samples  positive samples  rate/%
&g ERIX 5T Fingered Citron Mt Citron 10 10 100.00
Jinhua Jindong District
7K BT ik 4L Mantouhong 2% Tangerine 12 0 0.00
Yongkang City 01| 112 Mandarin 7 I 1429
Miyagawa Satsuma Mandarin
21 3¢ A\ Ehime Kashi No. 28 T2 Tangor 10 1 10.00
HF Kanpei 1182 Tangor 5 1 20.00
ZEETH 7K il Shuijingyou #Z Pummelo 10 0 0.00
Lanxi City 415 £ 77 hi Ruby Pummelo Hi2 Pummelo 5 1 20.00
VKM Orah F# 5 2% Tangor 1 0.00
X5 41.%% A\ Ehime Kashi No. 28 17 #5295 Tangor 4 4 100.00
Yiwu City
T B S FKHPHERE Jingiushatangju 17182 Tangor 8 8 100.00
Pujiang County 3 5 1 Asumi a5 Tangor 4 4 100.00
213 N\ Ehime Kashi No. 28 1718 Tangor 4 4 100.00
KHEM Dayagan ##535 Tangor 4 2 50.00
At Total 84 36 42.86
“i BUHIX 41.%% A\ Ehime Kashi No. 28 I#5#52% Tangor 45 25 55.56
Taizhou  Huyangyan District 7% Trifoliate Orange #J& Poncirus 1 0 0.00
MEFE Ponkan %25 Tangerine 2 1 50.00
=I5 R E A ##t2 Mandarin 14 0 0.00
Sanmen County Miyagawa Satsuma Mandarin
IR T 41.%% A\ Ehime Kashi No. 28 F#5#% 2% Tangor 57 18 31.58
Wenling City #:7% Haruka 2 Tangelo 4 4 100.00
X J2. 45 4 Al Cocktail Grapefruit W% 2 Grapefruit 11 1 9.09
23 60 Okitsu No. 60 Fi#$3 Tangor 5 5 100.00
091 EAZIKA 091 Seedless Orah TR 2% Tangor 5 2 40.00
% (i Harehime TR 2% Tangor 5 4 80.00
#1348 Goutoucheng fRFEJ Sour Orange 2 2 100.00
i3k 41 Mantouhong 2% Tangerine 1 1 100.00
i RN Z A Yura Satsuma Mandarin 2% Mandarin 2 2 100.00
S HKAPBERE Jingiushatangju s Tangor 1 1 100.00
i3l B AT #1124 Mandarin 129 19 14.73
Linhai City Miyagawa Satsuma Mandarin
HF Kanpei 2 Tangor 4 0 0.00
2155 \ Ehime Kashi No. 28 #1825 Tangor 14 3 21.43
PNER= 2155 \ Ehime Kashi No. 28 F 52 Tangor 7 1 14.29
Tiantai County 1% /N Himekoharu 17185 Tangor 29 15 51.72
b WA Shatangju f#%2% Tangerine 7 0 0.00
VL 2 T #1128 Mandarin 3 0 0.00
Miyagawa Satsuma Mandarin
B H WL Asumi F# 52 Tangor 2 0 0.00
KI5 IF Mihaya I 2 Tangor 2 0 0.00
EZNi EH L H Yuhuanwendan 2% Pummelo 10 3 30.00
Yuhuan City {18 Gaocheng WA M Grapefruit 2 0 0.00
4t Total 364 107 29.40
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Wi % ?(ﬁixlz)' HER IR ek TRrINAY: it £ PR 5 2 BE‘TE"ETE
Region ('Jun.ty (City, Citrus cultivars Types Number of Nur'n?ber of Positive
District) tested samples  positive samples  rate/%
7K A £.5% A\ Ehime Kashi No. 28 T 2 Tangor 23 15 65.22
Lishui  Liandu District gy Ougan #12% Mandarin 7 1 14.29
AT Ponkan %25 Tangerine 2 0 0.00
Elt i # Sweet Spring Tangelo #h3S Tangelo 3 0 0.00
b H #h Shatianyou 2% Pummelo 5 0 0.00
e % 4 M Cuimi Kumquat 4:Hit )& Fortunella 4 0 0.00
#4 Haruka #h35 Tangelo 2 1 50.00
[ IR FE V% % Al Bairouguanximiyou % Pummelo 2 0 0.00
21 A3V Al Hongrouguanximiyou #liZE Pummelo 4 0 0.00
BT E AT 2% Mandarin 10 1 10.00
Miyagawa Satsuma Mandarin
% /N3 Himekoharu P52 Tangor 2 100.00
%E 5 #1.3¢ \ Ehime Kashi No. 28 Ffi P2 Tangor 4 0 0.00
Suichang County
pRocE Ak Sweet Spring Tangelo ##h35 Tangelo 58 3 5.17
Qingyuan County
%1l Total 126 23 18.25
T K& 4125 \ Ehime Kashi No. 28 T#5#8 2 Tangor 84 47 55.95
Ningbo  Xiangshan County W H W, Asumi 1#5 2 Tangor 4 P 50.00
#2% A\ Ehime Kashi No. 68 I#5#8 25 Tangor 3 0 0.00
%1% 43 Ehime Kashi No. 43 P2 Tangor 2 0 0.00
FE5KIR N A Owari Satsuma Mandarin ~ #if2% Mandarin 12 7 58.33
5 4E Harehime T2 Tangor 8 6 75.00
TR FH RN A Yura Satsuma Mandarin FH2% Mandarin 10 5 50.00
Ninghai County 472 \ Ehime Kashi No. 28 {#5 Tangor 4 4 100.00
&1 Total 127 71 55.91
M e T 21 R 2 Al Hongrouguanximiyou 25 Pummelo 5 0 0.00
Wenzhou  Longgang City 412 A\ Ehime Kashi No. 28 {k5 Tangor 7 7 100.00
TR RbHEHE Shatangju 1% Tangerine 8 3 37.50
Pingyang County 4132 \ Ehime Kashi No. 28 {5 Tangor 37 11 29.73
IKHH Orah T2 Tangor 2 0 0.00
J#5 3 H. Mabuwendan 2% Pummelo 5 0 0.00
21 R # A Hongrouguanximiyou 2 Pummelo 4 0 0.00
B H W Asumi T4 2§ Tangor 4 2 50.00
XY FE 5 %Al Cocktail Grapefruit W% S Grapefruit 4 0 0.00
H-F Kanpei B 2% Tangor 6 0 0.00
BTk Gonggan 2% Mandarin 6 1 16.67
TR Murcott B35 Tangor 3 2 66.67
1 E Ak Sweet Spring Tangelo A2 Tangelo 5 0 0.00
Cangnan County PUZ=# Sijiyou 2% Pummelo 5 5 100.00
213 N\ Ehime Kashi No. 28 17152 Tangor 20 15 75.00
At Total 121 46 38.02
M L X 7% Lemon FrER IR R 4 0 0.00
Quzhou  Qujiang District Lemon/Limonia
213 N\ Ehime Kashi No. 28 171528 Tangor 2 1 50.00
BT T k2% Mandarin 3 0 0.00

Miyagawa Satsuma Mandarin
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X EELA(FH\IZ? W 7 8K Friee i BHERE L BBT’#?
Region c.)un.ty (City, Citrus cultivars Types Number of Nur'nper of Positive
District) tested samples  positive samples  rate/%
KA Orah %P2 Tangor 1 0 0.00
TR ES R0 & A Yura Satsuma Mandarin 3% Mandarin 2 1 50.00
Kecheng District gt ponkan %25 Tangerine 5 1 20.00
{4 Huyou I Grapefruit 4 0 0.00
213 N\ Ehime Kashi No. 28 T P2 Tangor 1 1 100.00
%7 Haruka A2 Tangelo 1 1 100.00
B H W Asumi F#&#52 Tangor 4 3 75.00
Eiglie=t #.3% N\ Ehime Kashi No. 28 i3 Tangor 2 1 50.00
Changshan County e jj 30 yyy it H12% Mandarin 2 0 0.00
Miyagawa Satsuma Mandarin
L S HKEPHERG Jingiushatangju F&#52 Tangor 3 3 100.00
Kaihua County
&1t Total 34 12 35.29
Fril TEHFIX 4.5 A\ Ehime Kashi No. 28 F&#5 2 Tangor 6 3 50.00
Zhoushan Dinghai District L EFHE N A Ueno Satsuma Mandarin -~ 412 Mandarin 4 1 25.00
LR f Gaoxiexiangyou % Pummelo 10 0 0.00
it Total 20 4 20.00
% P X 43¢ \ Ehime Kashi No. 28 T 2 Tangor 14 2 14.29
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Fig. 3 Phylogenetic tree of citrus tatter leaf virus constructed based on the sequence of coat protein gene
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