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1 Introduction

Livestock production is one of the most important
sectors on GDP in Mongolia, from 25 million to 52
million (fig. 1), the number of livestock animals has
been extremely increasing by following economic
development. Livestock population becomes over twice
from 1991 to 2014 in Mongolia (Briske et al. 2015).

o LLGH

Figure 1. The change of the livestock population
in Mongolia and the herder population in
Mongolia from 1991 to 2015

However, as the result of privatization, all the
livestock owned by herding cooperatives were
transferred to herders. No longer managed by the state,
most herders were able to enlarge their nomadic
activities, then livestock population increased greatly.

According to the tragedy of the commons (Garrett
Hardin, 1968), the positive one is herders will be able to
get increased profits from the increased sheep. The
negative one is the carrying capacity of the grassland
will be depleted due to the extra livestock (Rao et al.
2015).

Come very naturally, the increase in livestock
population under the free market economy have affected
the growth, density, and distribution of grassland plants
heavily.

In the other hand, the grassland grows has not adapted
to the high increase in the livestock population.

Livestock-grassland system becomes fragile (Qian et al.
2014).

Grazing pressure on the grassland has been reported
to be high in Mongolia (Pei et al. 2008). Those high
grazing pressure have affected the livestock disaster
deeply in Mongolia. The horrible livestock disaster
occurs 2 times in Mongolia (1999-2002 & 2009-2010
fig. 1).

The geographical particularity of Mongolia has
contained the forest - grassland - the Gobi Desert.
Vegetation types are dominated by desert vegetation,
grassland community, and forest community.

Mongolia has a temperate continental climate, winter
is cold and long, summer is hot and short, nearly 90% of
Mongolia's precipitation is concentrated in summer
months (Zhang et al., 2007), less than 10% of the annual
total precipitation occurs during the winter months
(Morris et al., 2006).

In addition to the northern part of the Mongolia,
the vast majority of the annual precipitation in
Mongolia is less than 400 mm (Zhang et al., 2013).

As a result of global warming and long-term
grassland reclamation, overgrazing and other natural and
human factors, grassland vegetation has been severely
damaged, leading to grassland degradation, resulting in
a serious decline in the grassland carrying capacity (Li
et al. 2011). The causes of grassland degradation can be
divided into two major kinds: natural factors and human
factors, but overgrazing is the key reason for grassland
degradation (Li et al. 2007).

In 1999-2002 the 3 years, that disaster results in the
loss of almost 10 million livestock (Tachiiri et al. 2012),
leading to one hundred thousand of family bankrupt. In
2009-2010, the disaster results in the loss of almost 30
percent of livestock which numbers at least 12 million
livestock (Tachiiri et al. 2008). This time the disaster
affected almost 90% the family in the country.

2 Methodology
2.1 Study Area



Four provinces of the Gobi Desert area in south of
Mongolia.

F igure 2. Mongoiia's vegetation lﬁap (Sandra et
al. 2015)

As shown in Figure 3 (Sandra et al. 2015), Gobi-Altai,
Bayankhongor, Dornogovi, and Umnugovi are located
in the gray and barren areas (fig. 2).

2.2 Method

Using the value of NDVI to evaluate the ideal carrying
capacity of grassland in livestock biomass (Bi et al.
2006, Zhu et al. 2005, Sun et al. 2015).

Icc_zznhm579xNDth+591) In(2 + 157 o
T4y, 273-246xXNDVIm - (L-osx)x
eXP\ 503 iy

Where ICC (Kg/Km2) means the ideal carrying
capacity of grassland in livestock biomass. NDVIm is
the average NDVI in the month. T is the monthly
average temperature. R is the monthly average rainfall.
S means the size of the area.

We choose sheep as the standard livestock. Each
sheep equals 1 sheep unit. Each goat equals 1 sheep unit.
Each horse equals 4 sheep units. Each cattle equals 5
sheep units. Each camel equals 7 sheep units (Bi et al.
2000).

The value of grassland pressure is calculated by the

existing livestock population be divided by the ideal
number of carrying capacity.
For the record, both of the existing livestock population
and the ideal number of carrying capacity must be
converted into the sheep unit which is selected as the
standard livestock.

2.3 Data resource and processing

In this study, the livestock data (1970-2015)
obtained from Mongolia Statistical Information
Service(MONSIS).

http:/www.1212.mn/en

The livestock loss data (1996-2013) were
obtained from The Asian Disaster Reduction
Center(ADRC) Yearbook. The data include the
population of livestock situation, livestock deaths
and other indicators of Mongolia’s 22 provinces.
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http://www.adrc.asia/publications/databook/DB2
014 e.html

The climate data were obtained from GLEW.

http:// www.glews.net

http://www.meteomanz.com

3 Results and discussion
3.1 Result

Owing to the increase in the number of existing
livestock, close to or even beyond the ideal of the
grassland  carrying capacity, resulting in
overgrazing and the grassland pressure value keep
rising at the same time, that means, grassland
pressure continued to accumulate.

Overgrazing not only lead to the continued
accumulation of grassland pressure but also lead
the grassland can not afford the existing livestock
sooner or later.

Come very naturally, the livestock will mass
mortality, the value of the grassland pressure drops,
the grassland pressure release.
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Figure 3. Grassland pressure in Gobi-Altai,
Bayankhongor, Dornogovi, and Umnugovi

However, if the grassland pressure cannot be
released, the overgrazing will keep critical and lead
the disaster to remain a recurrent plague.

This periodic change in grassland pressure can be
regarded as a dynamic game between grassland
and pastoralists.

3.1.1 Govi-Altai province

The grassland pressure of Govi-Altai province
was changed in 0.8 to 1.0 before 1993, the
fluctuation range was small. The grassland pressure
in Govi-Altai province before 1993 could be


http://www.1212.mn/en
http://www.adrc.asia/publications/databook/DB2014_e.html
http://www.adrc.asia/publications/databook/DB2014_e.html
http://www.glews.net/
http://www.meteomanz.com/

regarded as a normal situation.

After 1993, twice fiercely periodical changes of
grassland pressure occurred in the Govi-Altai
province. Rapidly accumulate the grassland
pressure to a peak followed by a release of the
pressure to the valley.

Year | Govi-A | Bayank | Dornog | Umnug
Itai hongor ovi ovi
1981 0.993 1.064 0.993 1.063
1982 0.965 1.092 1.028 1.071
1983 0.921 1.053 1.004 0.987
1984 0.82 0.898 1.006 1.008
1985 0.876 0.837 1.004 0.958
1986 0.882 0.842 0.982 0.931
1987 0.913 0.861 0.966 0.938
1988 0.939 0.799 0.99 0.959
1989 0.978 0.856 1.029 0.996
1990 0.986 0.912 0.971 0.951
1991 0.987 0.932 0.973 0.926
1992 1.002 0.956 0.972 0.868
1993 0.977 0.921 0.892 0.834
1994 1.082 1.061 0.914 0.92
1995 1.178 1.191 0.976 1.025
1996 1.183 1.214 1.013 1.1
1997 1.181 1.3 1.044 1.222
1998 1.188 1.339 1.091 1.297
1999 1.167 1.331 1.187 1.299
2000 1.098 1.231 1.101 1.168
2001 0.932 0.824 0.817 0.938
2002 0.564 0.497 0.782 0.722
2003 0.624 0.587 0.872 0.703
2004 0.761 0.676 0.949 0.791
2005 0.897 0.766 0.894 0.822
2006 1.086 0.901 0.657 0.84
2007 1.257 1.059 0.724 0.975
2008 1.285 1.197 0.81 1.137
2009 1.165 1.218 0.921 1.192
2010 0.662 0.926 0.924 0.797
2011 0.797 1.038 1.041 0.922
2012 0.935 1.216 1.137 1.053
2013 1.09 1.376 1.285 1.195
2014 1.266 1.592 1.429 1.331
2015 1.431 1.736 1.53 1.457

3.1.2 Bayankhongor province

The grassland pressure of Bayankhongor
province was changed in 0.8 to 1.1 before 1993,
the fluctuation range was small too. Also, the
grassland pressure in Bayankhongor province
before 1993 could be regarded as a normal
situation.
After 1993, twice fiercely periodical changes of
grassland pressure also occurred in the
Bayankhongor province. Rapidly accumulate the
grassland pressure to a peak followed by a release
of the pressure to the valley.
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3.1.3 Dornogovi province

Be similar to the Govi-Altai and Bayankhongor,
the grassland pressure of Dornogovi province was
changed in 0.9 to 1.0 before 1993, the fluctuation
range was small. The grassland pressure in
Dornogovi province before 1993 could be regarded
as a normal situation.

After 1993, twice fiercely periodical changes of
grassland pressure occurred in the Dornogovi
province. Rapidly accumulate the grassland
pressure to a peak followed by a release of the
pressure to the valley.

But the periodical changes of grassland pressure of
the Dornogovi province is quite different from the
Govi-Altai and Bayankhongor.

3.1.4 Umnugovi province

The grassland pressure of Umnugovi province
was changed in 0.85 to 1.05 before 1993, the
fluctuation range was small. The grassland pressure
in Umnugovi province before 1993 could be
regarded as a normal situation.

After 1993, twice fiercely periodical changes of
grassland pressure occurred in the Umnugovi
province. Rapidly accumulate the grassland
pressure to a peak followed by a release of the
pressure to the valley.

3.2 Compare and discussion

Obviously, the grassland pressure in the all four
provinces was a normal situation before 1993.
Since 1993, the four provinces grassland pressure
values have experienced two periodical changes
from the peak to the valley.

From 1993 to the present, the general trend of
grassland pressure in the four provinces kept rising.
And the grassland pressures of each province
reached their first peak in 1999 and fall off to their
valleys in 2002. The second periodical change of
grassland pressure in Dornogovi is a litter different
from the other three provinces. The grassland
pressures of Dornogovi province reached the
second peak in 2004 and fall off to the valley in
2006. However, the grassland pressures of the
other three provinces reached their second peak in
2008 or 2009 and fall off to the valley in 2010.

Owing to the ecological environment in
Gobi-Altai, central and the most part of the
Bayankhongor, and Umnugovi is almost similar. It
would be persuasive to compare the change of the
grassland pressure in three provinces.

The grassland pressure in Bayankhongor
province is the peak in the three provinces and
been the lowest valley in 2002 in the first



periodical change too. The grassland pressure in
Govi-Altai province is the lowest peak in the three
provinces but because of a long time (5 years)
remained at a peak, the valley of the first periodical
change in 2002 is lower too. The grassland
pressure in Umnugovi province been the highest
valley in the three provinces in 2002.

The grassland pressure in Govi-Altai province is
the peak in the three provinces and been the lowest
valley in 2010 in the second periodical change too.
Owing to the biggest fall off in the first periodical
change of the grassland pressure, Bayankhongor
province been the highest valley in the three
provinces in 2010.

Based on these facts, it can be easy deduced that
when the pressure of the grassland accumulates
more, the greater of the pressure will be released.

Also, after 2 years, the grassland pressure in
Dornogovi province back to the peak in 2004,
meanwhile, spend 6 or 7 years, other three
provinces back to their peak in 2008 and 2009.
Based on this fact, it can be deduced that when the
pressure of the grassland accumulates more, the
greater of the pressure will release, that means
must expend more times to get recover.

In short, we tend to attribute the disaster to an
emergence of the grassland ecosystem. As we all
know, the grassland ecosystem, as a complex
system, still have a series of uncertainties that
require further research, especially the emerging
problems, and we will strengthen this research in
future research.
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SR RLT EIDENVERK LD N H -T2, KY
DIEREZ AL, EA O SIS E B &S5
(J1-FE &%) (Kaufman etal, 1989) Z & iZ&n b
TWDHN, ZRET TR, EHFOM-FIKT A
FAREOIEL TN EEE 52 50 TIE RN
MEWNI R ZE - T2 &2, AR L
2o TWA,

2. Bk
2.1 #WEEE

FERL, R R 20 4 Bt RIiT o7 (B
M8 4. M 124), AR—YREREERRBRICE L
THIBRIZL TR, ~LY U FES(E b EXR
ETHEZEMIEOMEFEANICE & DN TER S
N EZ T, AFRICEET 5 Ry it &
L72Db, MEOHLNEEORWM N 25T, 7
B. K%%®7H}:wi B JE S AR R B UK
EER - BRBETEWMAEIC BT 5 ER - AREMELZAES
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ETHY HREANETEICHLETICLRER %
FETH LIXTE R, LU, MVC BEIZE,
I OFRERHED 72 59 #BRE B & O JIRFE~D
BILREFN—2 g oz TREBER ] &7
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1 A

RNA ANV AITA TN P ILARE M
BEARTANAHINV), ZRTTA VA, HTA N
ATp ITRFEEN, Hx BRBEIHRORIK L 72> TN 5.
FDO—FT, RNA 7 A LA [FD ™ A LA L g L
THZEH L TEWEE(LEEE & BB e 2R 2 £
720, TOTANAELOREBEEHLMNIT S Z
EIXNEETH o 72 RAFZETIE, HIVEZET L& L,
BT SKBEIRTANVAT ) LD v 7T —
RN L0, T A AL OB 2 AR AT
ML, VA NVARRBR A 2 I N—T /YT Z AT
~ESE LU TITS BRI, UA VABEE DR EHEKZ
TALESED Z L2 L2, AR, vA LAk
(O FEMERFRIZ TR T DO 6T, Hii 720mEE
T A NVANHBL LTEBROEE TR S BN D & H5F
s,

SR LR S X E B R AMERE Frontiers in Microbiology REICHRE
RanizboThHs (1).

2 HFEER

RNA 7 A )L AL RNA Z#fsfE & L TR A L
ATHY, TOEHEE DR S LB RN % FF
D7, MmO TH#LEET D ETIEFIZEN
EFTI)IERoTWS, Fiz, ITERA A LAD—
FTHIZRTIANARLSITANVAD L H x>
=D T OANANNRT Iy 7 EBIERILT
BY, RNA A NVADOHELEFITHZ LD
FrEUFEFEME D A VA ~3HiT 5 ETHBD TEET
5. 1 He MaERET A /LA (HIV-1) H RNA &7
ANAD—FTHY, ZNFETITKEDS /) L]
F—=ANNEINTND Z ENBEEICH L TR

WCHEIST 5% E L TEERICBS A S TE .

HIV-1 (3% RIS E AR SEGERE (AIDS) OJRIK ¥
ANVATHY, FiZt FOGEMRIZEET 5.
HIV-1 1 —A84 RNA 7/ 2285, HEAHIA~E A
%, TAINVAR T WNITHREEL TV 55 R R
(Reverse transcriptase; RT) 12X > THHE® RNA
) B h LI ARSI DNA AR L, F LA 1E 3 DNA
WCHAT S Z & TEOHBITE EOBERERE AT L
THGET 5.

HIV-1 1% 20 42 WIBEIC T 80 U— b b M CHE

MR L CRELEEEZLR (2), TDH 20 it
B L0 RGN JER LTS, R TEI
AT L CTWA Z DOZFIL Group M EFEITH, EHIC
N RAEEROE WV LW A, B, C, D, F, G, H,
I, KOOEEDOHT 7 X A FTHEI LTV 5. HIV-1
DEEMENEFTNIZEIRE LT, WiRERERN W
T —FEFFOZEL (3), VIR UANANRROE
R A ZEEDOTFE D BEBEZLENTWS., [H
— YT H A TR DY T XA T TOMAHEZ
DHEICRAL, 260 HIV-1 OZEkIcB W T
HEREEZ R LTS (5).

F7-, HIV-1 YT X A 712X o TR OEITR
ROEYLRITEDNN D D Z ENHERINTEBY,
DILE o TH T XA TRITORATROENDAE
TWbEEZLNTWS, EBRIIZH T X A TRIT
¥ AV AEBIREIZ IS 1 B R B SR OTETEISE WA
HoHZE 6,NREPREINTNVE—FT, v
NI EEFEREXNRIZ, EDOL S REESEOHE
BT EZA SOk ek LTEEL TS0
BH oI ERTVARY.

Y72 AL FICaT BT (gag, pol, env) D
R R L CTEORMBEMRE LD Z L2k b5y
STz (8). BfiMe LTRTZLETEAD
BLHI DR EARE i oET v E L THIET S 2
EMNTE D07, HIV-1 CHEEEICRAT D X5 7l
xR % & RS T U 7 Rl 2 A3 5 121X
RARNSH -7 (9,10). FZTHalL, Hir-T7 o
—F & U CEAPELIMEIC S W T ERA T R 75
7 (BAVEPIME R Y U — ) RS L CHEET 5
Z & T, HIV-1 gk 2l & Xt 412 & O 22
M2 A6k L CH 7 & A 7R ONL & BALR O i A 3
Tz

ARFZE T, BEFICKS HIV-1 Group M OEH %
RBRICEAFELMER Yy b= W TEDL IR
BESCEREFOEBRE Y72 A4 T2 BB T 5D
NEHONZLE. AT TN—T /T XA T D5y
HICFIH &R (11), HIV-1 7 &% 4 7 2 &L oEflse
ROWKET EOENEEH LTV A Z s S
TW5 (12) Pol #1377 'EHiH| (WEnGEEE %5
te)xET e LCHAL, BVEPER Y hT—2
OEIZ L VYT 2 A THOEPERRRE B L
FD®%HE N B EORBERENE N A A E A L




THxy NU— I EL T L2272 A
TR AT T DREE A I M Lz, & B ICHER
FIEZMHAADEDLZEICLY, FOEWEETH
MZETIJBLVTRELLE. BAIXIOMEE
HEIL, TANADOFATH IR ALK LTI < i
BT, ¥/ AaEolrol) ks, £z
NI EAEEZHED DI OV Tikam L.

3 WENE
3.1 Pol # U7 BEXMBIZ LIEFIELER Y F
U — 7 {8 X B EFZERE O AL

FxxE T, HIV-15Y 7 % A4 7 OESISELLES
R % AL LTI 2 72102, Bed o3a I 2 3
SWEMEA M E 7T 7 (EYEPER Y U —
IVEREE LT (K1), BAEEER > B U — 27 13
FIM OIS 77 7REETRLIZDDOTHY, &
Boslz s (/ — R)Y TR L, EEAIMOBELIE 2 M &
ERESH (Y )DOESTERLTWS., /— RO
FEREAS /N S WIE E 2 ORFIF OB ER KR Z N2 &
ZEMLTWAD., Z 2T, HIV-1 Subtype A, B, Ci&H
T H A T OB HFRRE CTh 5 2 & 13
LRTEY, F—F_X—Z LOEFIREEID MO Y
THEA T LB L TEL, BTSSR0 2 6
N2 LML, Subtype A, B, CO3DDOH T X A7
(Subtype A: 144fc%1], Subtype B: 1,528Fc%1, Subtype
C: 3308051, #t2,0528051) & AfRAT I L7z,

Pol# v R LS Z AW THEE LR Y B
T —271Zxf LC, BAOFEMECE ST T L—T
ILZAT-> TV 2B, Yok dEht @yoy
YT T ST, R O)SESIREDE N %
AHBHTONER LT 572002, BRI E
BEEFETDHIE T TAZY T2 To7-. SEK
2L L7=4%4, F9 Subtype BE, Subtype A+ C/3
FNEN1 DD FAX—%BK LTz, g7
A TR LTz SN2IEFELE —HF LD
(13). EEEY T XA T EFRBTHLIEIEEL
TITAXY U T EAToTRERTIE, 7 T7AXY
TNK DI TAR—ETAINADYT H A TREN
—E R (994%) L IR o, K TAXY T F
BIXV T2 A T E=SETHOICH#EY R FIETHDL &
ExT. EITHhERE EFTnE, HEH4L L=
BEiX, Subtype AIZ & 72 ZBELHIFEDS & 52 Cluster 3 &
Cluster 4~,3EIESN, ThEnV T X2 A4 7D LY
724338 T & 5 Sub-subtype D Al & A2DELF T &
ST, 543 & U7ZBRIX, Subtype AlZ & 7= 2 fHIE S,
FIZT 7V A EKEH B 7 D Cluster 38, EIZT
Tl a—no v/ HEDOEFDE 72 B Cluster 41257

BlEH, TANVAREINRY Y T ER T o
BHEWCLEXoTH T XA TN L0 EEMCYEI SN
(=1).

X 1. HIV-1 Pol # > X7 B Ex& & Li-EFIELER v b
v—7 X

J— R Pol Bd#l 2K L, = v POE SXESIN OIEREE & %
L TWD. J— ROFAIIE T TAX—%RLTND.

3.2 Z V7 H EOBREFEE LAV TOHIV-1 37
2 A 75k et ins 5 IO R

HIV-1 Pol% v /X7 B LD & D X 9 e fdllin 7
S AT DL IE LTV EMNTT 5720,
Pol% L /37 B LOKRE R A A VAR L, R 2
A VIR & OFRSIEEEIMER Y h T — 7 R L,
ZOESNZER Z L7 (K2). FAAL T EDx
vy N — I MEERRET DL, £, RT
(RNA-dependent DNA polymerase)fEii (2B-b) &
Integrase DNA binding domain (X|2B-h)i3E:%] D%
D <, 30D T ¥ A T OEFIHIRIE L TV,
¥/, RT (K2B-¢),
Integrase Zinc binding domain (B 2B-f),
Integrase core domain ([X2B-g)?D37EkiL, Subtype B
EA-CHIZZEEL TWDH B DD, Subtype AL CORL
FIDNMEIE L T\ 27edh, 7 % A4 TORBNZ I S
NI LT 2O~ T, 300% T X A T DR
IR H 3 B L CAETE L CW e fEI & LT,
Retroviral aspartyl protease fHIk (K2B-a), RT
connection domain ([X2B-d), RNase HfEIK (X|2B-e)
DIDNRZETF AL, 7272, Retroviral aspartyl protease
FEIIE, 3DDH 7 X A TR GEEL TV D B D
D, Z O L i LT — RAGEb L w7
8, Fe & I1IRT connection domain & RNase HfEl D2
M E, YT X A TOENERLTWLHEEE 2
7z

thumb domain
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1 1008 .

: ! i p15 | i
Pol | prot: p51RT ;}fNaseg p31 int
Fostion 01153 | 216008 030451 473673 581717 723754 770-675 336-982
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a b c
d e f
g h

] Subtype: A
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sunypec

X 2. Pol & /%7 EHERE N A A AR T & OEFIERIE
Xy hT—7 O

(A) Pol % 237 B OHERE R A A B OALE & iHIR 2R LT
V%, (a, Retroviral aspartyl protease; b, RT (RNA-dependent

DNA polymerase); ¢, RT thumb domain; d, RT connection domain; e,
RNase H; f, Integrase Zinc binding domain; g, Integrase core domain; h,
Integrase DNA binding domain). (B) &#§HE N A 1 Ll & x5 &

L72EFERIMER v h T — 2 K. a-h 13800 A EXFI LTV 5.

J— ROECIZHIV-1 BT 2 A T L1472 T 5.

EBIT, BT EA T OENEREMIT T D ON
BES EDED RAAL 72 DINEEIIEFET S0,
TIARAY MEOTA DL IR he e
— (CRE)Z % L7= (14). CREflIX, 74 A
A N LIRS, YT TNOT I By
TEMOY T HZ AT EOT I BRI & e U7 BS,
ZOEWPREWVERICKRE flix L 2HEIETH .
7, Pol¥ LI E LD N AA EET L IZCREfE
DOEWPEZEH LTk L7z 24, kI &0
CREME )25 b 3 WV EI I RT connection domain
T, RV CRNase Hflk & 72~ 7-. Zhix EiEX2B
TOxy T — 7 k&R S &0 LT fRNTHRE S % SR
T5HDTHD. RT connection domainiZ -2 T 1At
DfEk & ik LU CA B ICCREE D LA @~ T2,
¥ 7=, Retroviral aspartyl protease!lZ 2T, 3% H
\ZCREME R D3 @ o 7.

3.3 WTHATHUICEHERT IV BEREOKEL
2Ry BAEEE E~D2y S

3OO0V T HATHXBITDH I LML LT
2o KA AL BT, EOT I WBIFEOE(L
DZEXE L TWeD0Z 5N T 5725, RT
connection domain & RNase H 88 O [fi fHIE 2 DV T,

A T EIZCREEZFHEL, £ Z-scores 7 3.0
PLE72 5 T fEFTIZ DWW T E OFEM % 38T L7=. CRE
@ Z-scores 2 3.0 YU bE&ERo7= A4 M, RT
connection domain - 357 F7E D 1 & FT, RNase H
Ik 1Z 480, 483, 491 FFkFLD 3 EidH V, RNase
HMEK ET3 2O% A MITEL TV, W KA A
VIR OESN ORATNE A 2D &, RAFPEDME S
X RAA » EORRIZHH LT, i b fEi
IFHT LS CREMEDRE LS ol Thbh, BA
BRIV 7 2 4 THToEWEER T D
JTIE o7,

ZDE DIV T XA T E AT T T B REIR A
B DOEE L TED X HITE L TWD D0y
W27, Eit2 50 N A A L & CRE VA
TN T s B D =R TSRS L ~D~
v 7T (F3). WEREREEITA~T 7 8K
ToH Y, RNase H fHIE A FFD p66 &, FF/=721> p5l
MOHAERSND. & CRE 4 FTh o7
Reverse transcriptase connection domain _® p66 {H] D
M357 &, RNase H fiElik > Q480, Y483, L491 %
WEIZITEE L TV e (B 3A). 72, R
EEHDE, ZNBT I BRI ERSE FoO
FKHEINE L TWDZ ERALMNE ST (X 3B).

L491

483 Q480 =
L491

X 3. 3 TEZALTHLERELTNDT I BREOWER
ERFRE~Dvy T

HIV-1 W ERESE (p66/p51 ~T 1 B DSTEEEZ U R &
ATTT7h AEDTREERLIZET NV B)THLE. V7 ¥
A T OE N F AT D EETH D RT connection domain &
RNase H domain I Fh ke EHEICEB SN TEY, & CRE
I, EHH0 RAAL Y RIZMB L TWENICE » THEHRIC
ST THEASN TS, A% PDB ID: 1IREV.
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FxlIT— A _R—2 LIZBEHEINTWHLZED YA
VARSI A T, BAA OB EIZE S W xry N T
— 7 BT D 2 L TUA L AD ST E AR
L CHs 5 Z & W%Lt I 5T AV ARLH]
FOREFEI IRy N U — T ST S Z L T,
UL REA =S @F%%4/&#M% MRS DIEMEE R
DRNaseH RKAA VNI ANADYT XA T3 E
SHELTWAZ EEHALMIC L. 73 B L
UL TORIEEITSTZERLY, UANVANRYTH
A T Z2MME SR BRI, BERIEEOTL TR
NEDEFHEEb S, IEEEZEDICHRET S Z &
TIEERERT T A NV AN LN TND DTl
WnEEZ L.

HIVA VI N oA N ATRESND LD
72 RNA UANVAIE, Do T A /AL il Tk
HENKREWVWZI ED, TRITUANARLT I UL
NADEHIWCEIME LTKEITESIEEZTEHOA
TANAFEREND . AT TIEEEIC Y/ LB T
—ANLEIZIONTWVWD HIV-1 €T V2452
LTI D RNA UANARFITEIBREETNL
HCEWS DO ED K D B A BSOS
NI LT, RRFEmEIX, HIV oo FEkE L8
SHETHODHRRGT, SHF T ITHBREFEME
TANABBENEREIL, FOUANLAREDEHIC
LB LT L OO FHNCTERD. DWW TiX
ZNOHFHEYANA~NDOTFEROIEEEDOBRREICH
RELHBRT A EMENHIFFSND.
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HILEM DR AL, IR OInE 0 R TR & &
HICHEHE AR ER 2 TR T 2 08, BIRAEmET
Lkwr RV 7R AR O Ayl & Z o Rt
RITIKIRE LCTARABETCH D, LML 5,
E%@%E% HMEIZH 6P 5 AW FITB N TIEFIC
B RERTHY ., TOBBREWALNITEZ L
MERIZBUT D2 RO L 70 b, RIS
TIEIABWNTEASI N7 7 A LD (DNA 73—
a— R) [ZRMREEE EHICERAEETH LT
LBV O I REE 2 BEF 9 2 T2 BAR L,
FLEN O 2B I L O LRk »’DV‘T@%EH%EKJ:U\
T OFEF M2 HEFF 3 D BR O MR EE 2 — 5 o mi iR
BEIADZEEENET S (R 1a),

O 0 B O [

o )—= " v— (" w)— ( "wv)— Time progression

Barclock pool

l

Next-generation
sequencing
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Cell lineage flow
—-------- Deduction of barclock sequences

Cell lineage
reconstruction

X 1 DNA N—O—F &S/ LiREF ALV REE
B, a) DNA /N\—a—FKIZ J:é‘ﬁﬂiﬂﬂ?éua:_mw#ﬂ&%lo
b)DNA /N\—O—FR([Z5U4 LABREENER SN, HIKES
HELHITIRMBIZZITEA NS, c) IRHIRED DNA /N
—aO—KFOEENI—2FBHIN—45 00 TER
FTHIEITE - THIERENBEEIND,

MEDOHE

DNA /N— 22— RESIIGER B2 N ARS8 A S
nNo%—45y NS THD, 7 DmERINZ AV
%L DNAN—a— NEFNZ T v X L7 B R &5 &
T IENTED, 7 AREHEINIC X o THREM%
BEEBIZDNANR—a— REINZ T v 7 LB %
BATDHE, ZOERITMRSE &R
S AL, IR O S IR Hﬁ%@ﬁiﬂifﬁ,ﬁe
NEA SRS D, MlasRE & BICERNER S
AU72 DNA N— 22— RESI 2T 5 O RefE R 4 12
B DNA > =4 v v o I k> CTRT T % &0 h

FNDER NG — 2D BRI RS % AR IS S
T2 (K 1b), AHFZE TITHELEMW O IR0
FER DR AT BT DR FE DR % Al EEIC
THZEEZEMELTEY, 2L > CTRHALEW
DET A 7 23— AZEBT 5 HMIERE %2 KFAI B R
TELHMEBOMELBEL TS, ZRETO
RN TH & 1L, off-target & fix/NRIZT 5 X9
7elRBZ D gRNA ¥ —F v b= N& 12 fifAL
U7z, E£72 12 FEEHO DNA N— o — FESI % Rk
9% gRNA #¥¥lao=v hEEEN I o—=2 795
ZEIZEHo T, REO U T eE—F—& 12FEHED
gRNA = — REEMNERE I N7 X — & ERk LTz
(B 2), HEK293 #Hfalcxt LT, gRNA EERE Sz
Ry B =% RN ) AREEIT ST A T
LADNA LO#—%> & LTW5A DNA /R—a— R
AN ERPRBO BTz, ZHHORERIZE Y Fx
137 DAREEATC X > TDNA N— 22— RSN ZE
RAEEHT 5V AT AREWMRIZ SO CTEEIT 2
ZrmERLE (F3),

Aget
Clat  Aget
Enzyme Aget and Clat Scai  Clat

Plasmid pNM pNM pNM pNM pNM pNM pNM pNM pNM pNM pNM pNM pNM pNM pNM
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el
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3/ LREBMICK>THRESN=VO—2D
DNA /N\—3—FKE25l, Template &5l [XIT D DNA /38—
O—KE&2%|%RL. Sample E25IEY / LimEZRDESI
#RLTW3,



