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Extended Data Figure 4: Full screening results of all candidate enhancer-AAVs targeting 1080 
oligodendrocytes. 1081 

We injected mice with the indicated enhancer-AAV vectors between P42 and P56, then after 3-4 weeks 1082 
we harvested brains, sliced them on a sliding microtome with freezing stage at 30 µm thickness, co-1083 
stained the sections with DAPI, and mounted them with Vectashield Vybrance. Oligodendrocyte-1084 
specific enhancer-AAV vectors are broadly grouped by expression pattern into the following categories: 1085 
“Strong oligodendrocytes”, “Weak” meaning many oligodendrocytes throughout the brain are labeled at 1086 
low level, “Mixed specificities” meaning several off-target neuron or astrocyte populations are also 1087 
present in addition to oligodendrocytes, and “No oligodendrocyte expression” meaning failure to detect 1088 
any clear oligodendrocytes in these whole-brain sagittal images. These screening images were taken 1089 
on multiple different microscopes, so the absolute levels of expression are difficult to compare directly 1090 
across injections.  1091 
  1092 
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Extended Data Figure 5: Sorting enhancer-AAV-labeled astrocytes and oligodendrocytes. 1093 
 1094 
Example gating strategies for sorting 3xCore2(390h)-labeled astrocytes and eHGT_396h-labeled 1095 
oligodendrocytes from mouse VISp. 1096 

 1097 

1098 
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Extended Data Figure 6: Diverse morphologies of NHP astrocytes labeled by enhancer-AAVs. 1099 
 1100 
(A-C) Labeling of both gray matter protoplasmic astrocytes and white matter fibrous astrocytes by 1101 
eHGT_390m enhancer-AAV. We show full cortical column of a somatosensory cortex injection site in A, 1102 
with expanded insets to show protoplasmic astrocytes in gray matter (B) and fibrous astrocytes in white 1103 
matter (C). 1104 

(D) Confirmation of astrocyte identity by mFISH. Fibrous astrocytes in white matter express the 1105 
astrocyte marker FGFR3, similar to gray matter protoplasmic astrocytes (Figure 7T).   1106 

  1107 
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Enhancer 
name

Iden�fica�on 
scheme Genome Chr Start Stop Enhancer_group PhyloP Length Specificity

Strength 
(CPM)

Screen 
result Expression pa�ern

Included 
in GLM 
model

eHGT_361h Marker_gene hg38 chrX 103780509 103781455 Human_Oligo 1.823 855 0.635 11.72 Yes Oligodendrocytes_moderate No

eHGT_361m Marker_gene mm10 chrX 136826512 136827460 Mouse_Oligo 1.488 807 0.879 12.03 No_data No_data No

eHGT_364h Marker_gene hg38 chr21 33051808 33052323 Human_Oligo 2.5 458 0.614 2.29 Mixed_specificityMixed_specificity_oligodendrocytesNo

eHGT_364m Marker_gene mm10 chr16 91246204 91246699 Mouse_Oligo 1.99 444 0.945 9.54 No_data No_data No

eHGT_371h High_specificity hg38 chr3 13485182 13485473 Human_Astro 0.967 269 0.454 3.81 Yes Sca�ered_astrocytes Yes

eHGT_371m High_specificity mm10 chr6 91160424 91160736 Mouse_Astro 0.87 241 0.216 4.28 No No_astrocyte_expression Yes

eHGT_372h High_specificity hg38 chr7 121914818 121915080 Human_Astro 0.33 216 0.668 2.6 No No_astrocyte_expression Yes

eHGT_372m High_specificity mm10 chr6 22910076 22910291 Mouse_Astro 0.194 187 0.742 2.85 No No_astrocyte_expression Yes

eHGT_373h High_specificity hg38 chr5 97134713 97135080 Human_Astro 0.537 329 0.72 3.81 No No_astrocyte_expression Yes

eHGT_373m High_specificity mm10 chr17 17409626 17409965 Mouse_Astro 0.531 319 0.909 11.78 Yes Most_astrocytes_weak Yes

eHGT_374h High_specificity hg38 chr15 64845370 64845672 Human_Astro 1.618 266 0.424 2.86 Yes Sca�ered_astrocytes Yes

eHGT_374m High_specificity mm10 chr9 65576810 65577101 Mouse_Astro 1.091 259 0.542 5.35 Yes Sca�ered_astrocytes Yes

eHGT_375h High_specificity hg38 chr13 99961720 99962046 Human_Astro 4.977 268 0.659 2.51 No No_astrocyte_expression Yes

eHGT_375m High_specificity mm10 chr14 122455334 122455655 Mouse_Astro 3.82 268 0.867 5.71 Yes Bergmann_glia_astrocytes Yes

eHGT_376h High_specificity hg38 chr3 188076136 188076690 Human_Astro 1.341 457 0.646 4.24 Yes Most_astrocytes_strong Yes

eHGT_376m High_specificity mm10 chr16 24326000 24326508 Mouse_Astro 1.083 435 0.865 11.78 Yes Most_astrocytes_strong Yes

eHGT_377h High_specificity hg38 chr10 80406003 80406485 Human_Astro 0.687 453 0.782 4.41 No No_astrocyte_expression Yes

eHGT_377m High_specificity mm10 chr14 41015471 41016233 Mouse_Astro 0.541 747 0.656 7.85 Yes Most_astrocytes_strong Yes

eHGT_378h High_specificity hg38 chr11 120182373 120182964 Human_Astro 2.312 559 0.681 6.32 No No_astrocyte_expression No

eHGT_378m High_specificity mm10 chr9 43268975 43269581 Mouse_Astro 1.699 559 0.911 12.49 Weak Most_astrocytes_weak No

eHGT_379h High_specificity hg38 chr3 64837170 64837760 Human_Astro 0.151 496 0.659 4.93 No No_astrocyte_expression Yes

eHGT_379m High_specificity mm10 chr6 93093752 93094309 Mouse_Astro 0.216 460 0.939 8.21 No No_astrocyte_expression Yes

eHGT_380h High_specificity hg38 chr6 44045566 44046145 Human_Astro 0.591 527 0.633 10.82 Yes Most_astrocytes_strong Yes

eHGT_380m High_specificity mm10 chr17 45765782 45766284 Mouse_Astro 0.536 479 0.727 7.14 No No_astrocyte_expression Yes

eHGT_381h High_specificity hg38 chr7 131400918 131401149 Human_Astro 2.166 173 0.4 1.9 Weak Mid/hindbrain_astrocytes No

eHGT_381m High_specificity mm10 chr6 31434638 31434879 Mouse_Astro 1.8 172 0.927 5.35 No No_astrocyte_expression No

eHGT_382h High_specificity hg38 chr10 113047655 113048169 Human_Astro 0.544 435 0.685 3.98 No No_astrocyte_expression Yes

eHGT_382m High_specificity mm10 chr19 55825471 55825949 Mouse_Astro 0.439 424 0.694 5.71 No No_astrocyte_expression Yes

eHGT_383h High_specificity hg38 chr2 220959419 220959789 Human_Astro 1.026 312 0.858 3.38 No No_astrocyte_expression Yes

eHGT_383m High_specificity mm10 chr1 76942759 76943103 Mouse_Astro 0.81 315 0.902 11.42 No No_astrocyte_expression Yes

eHGT_384h High_specificity hg38 chr6 121897357 121897797 Human_Astro 1.695 351 0.342 2.77 No No_astrocyte_expression Yes

eHGT_384m High_specificity mm10 chr10 56893293 56893720 Mouse_Astro 1.576 366 0.846 9.64 No No_astrocyte_expression Yes

eHGT_385h High_specificity hg38 chr9 123741938 123742543 Human_Astro 6.233 563 0.655 7.88 Weak Telencephalon_astrocytes No

eHGT_385m High_specificity mm10 chr2 38111566 38112219 Mouse_Astro 4.798 572 0.714 14.27 Yes Telencephalon_astrocytes No

eHGT_386h High_specificity hg38 chr1 15736012 15736372 Human_Astro 0.595 287 0.417 2.51 Weak Most_astrocytes_weak No

eHGT_386m High_specificity mm10 chr4 141623748 141624075 Mouse_Astro 1.042 231 0.527 5 Yes Most_astrocytes_weak No

eHGT_387h High_specificity hg38 chr1 219881964 219882484 Human_Astro 0.601 467 0.729 6.06 No_data No_data No

eHGT_387m High_specificity mm10 chr1 185493675 185494167 Mouse_Astro 0.633 425 0.959 15.35 Yes Most_astrocytes_strong No

eHGT_388h High_specificity hg38 chr12 20657459 20657845 Human_Astro 2.912 369 0.754 3.98 No No_astrocyte_expression Yes

eHGT_388m High_specificity mm10 chr6 141495577 141496010 Mouse_Astro 2.283 362 0.879 16.77 No No_astrocyte_expression Yes

eHGT_389h High_specificity hg38 chr20 63252174 63252906 Human_Astro 0.003 694 0.648 9.52 Yes Sca�ered_astrocytes No

eHGT_389m High_specificity mm10 chr2 180952658 180953361 Mouse_Astro 0.351 667 0.695 8.56 Weak Most_astrocytes_weak No

eHGT_390h High_specificity hg38 chr7 42152720 42153410 Human_Astro 7.463 634 0.699 8.91 Yes Most_astrocytes_strong Yes

eHGT_390m High_specificity mm10 chr13 15543638 15544333 Mouse_Astro 5.544 639 0.869 16.42 Yes Most_astrocytes_strong Yes

eHGT_391h High_specificity hg38 chr11 729607 730042 Human_Oligo -0.132 419 0.688 7.49 Weak Oligodendrocytes_moderate No

eHGT_391m High_specificity mm10 chr7 141365022 141365541 Mouse_Oligo 0.135 474 0.901 13.2 No No_oligodendrocyte_expression No

eHGT_392h High_specificity hg38 chr4 48787039 48787541 Human_Oligo 1.369 431 0.776 6.88 No No_oligodendrocyte_expression No

eHGT_392m High_specificity mm10 chr5 73264044 73264568 Mouse_Oligo 1.225 448 0.832 4.25 No_data No_data No

eHGT_393h High_specificity hg38 chr18 66603993 66604511 Human_Oligo 2.036 451 0.755 7.23 No No_oligodendrocyte_expression Yes

eHGT_393m High_specificity mm10 chr1 110977271 110977865 Mouse_Oligo 1.391 548 0.593 6.16 No No_oligodendrocyte_expression Yes

eHGT_394h High_specificity hg38 chr3 171776470 171776980 Human_Oligo 0.518 444 0.782 5.2 No No_oligodendrocyte_expression Yes

eHGT_394m High_specificity mm10 chr3 27977667 27978413 Mouse_Oligo 0.254 661 0.738 12.62 No No_oligodendrocyte_expression Yes

eHGT_395h High_specificity hg38 chr9 128374105 128374728 Human_Oligo 2.782 595 0.742 9.96 Yes Oligodendrocytes_strong Yes

eHGT_395m High_specificity mm10 chr2 29830874 29831537 Mouse_Oligo 2.002 632 0.881 24.5 Yes Oligodendrocytes_strong Yes

eHGT_396h High_specificity hg38 chr11 117295457 117295798 Human_Oligo 1.384 302 0.561 3.88 Yes Oligodendrocytes_strong No
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eHGT_396m High_specificity mm10 chr9 45854220 45854539 Mouse_Oligo 1.185 288 0.824 7.33 Weak Oligodendrocytes_weak No

eHGT_397h High_specificity hg38 chr15 44188767 44189188 Human_Oligo 1.986 396 0.591 4.67 Weak Oligodendrocytes_weak No

eHGT_397m High_specificity mm10 chr2 121799010 121799455 Mouse_Oligo 1.661 385 0.759 6.16 Yes Oligodendrocytes_strong No

eHGT_398h High_specificity hg38 chr16 57270420 57270919 Human_Oligo 1.042 475 0.793 7.49 Yes Oligodendrocytes_moderate Yes

eHGT_398m High_specificity mm10 chr8 94684265 94684766 Mouse_Oligo 1.199 446 0.806 11.74 No No_oligodendrocyte_expression Yes

eHGT_399h High_specificity hg38 chr2 36902653 36902934 Human_Oligo 4.206 253 0.628 2.73 No No_oligodendrocyte_expression Yes

eHGT_399m High_specificity mm10 chr17 78684296 78684576 Mouse_Oligo 3.818 249 0.885 4.11 No No_oligodendrocyte_expression Yes

eHGT_400h High_specificity hg38 chr4 114636222 114636638 Human_Oligo 2.948 372 0.605 3.88 Weak Oligodendrocytes_weak No

eHGT_400m High_specificity mm10 chr3 125898885 125899302 Mouse_Oligo 2.414 373 0.819 7.63 Yes Oligodendrocytes_moderate No

eHGT_401h High_specificity hg38 chr1 44592226 44592529 Human_Oligo 1.081 256 0.55 3.17 Yes Oligodendrocytes_strong Yes

eHGT_401m High_specificity mm10 chr4 117326998 117327312 Mouse_Oligo 1.024 271 0.778 3.96 No No_oligodendrocyte_expression Yes

eHGT_402h High_specificity hg38 chr17 75697915 75698299 Human_Oligo 0.976 320 0.626 4.67 No No_oligodendrocyte_expression No

eHGT_402m High_specificity mm10 chr11 115956504 115956883 Mouse_Oligo 0.956 326 0.919 13.94 Weak Oligodendrocytes_weak No

eHGT_403h High_specificity hg38 chr11 67410338 67410731 Human_Oligo 0.524 382 0.588 4.5 Yes Oligodendrocytes_moderate No

eHGT_403m High_specificity mm10 chr19 4183762 4184154 Mouse_Oligo 1.019 346 0.586 8.51 Mixed_specificityMixed_specificity_oligodendrocytesNo

eHGT_404h High_specificity hg38 chr2 163943542 163943945 Human_Oligo 1.738 370 0.721 5.2 Mixed_specificityMixed_specificity_oligodendrocytesNo

eHGT_404m High_specificity mm10 chr2 64325556 64326248 Mouse_Oligo 1.562 599 0.933 12.18 No No_oligodendrocyte_expression No

eHGT_405h High_specificity hg38 chr3 185175495 185175886 Human_Oligo 0.607 362 0.49 4.05 No No_oligodendrocyte_expression No

eHGT_405m High_specificity mm10 chr16 21724337 21724697 Mouse_Oligo 0.444 335 0.91 8.36 Weak Oligodendrocytes_weak No

eHGT_406h High_specificity hg38 chr2 88735239 88735593 Human_Oligo -0.058 304 0.518 3.26 No No_oligodendrocyte_expression Yes

eHGT_406m High_specificity mm10 chr6 70774375 70774694 Mouse_Oligo 0.091 256 0.696 5.87 No No_oligodendrocyte_expression Yes

eHGT_407h High_specificity hg38 chr6 46098744 46099007 Human_Oligo 0.581 253 0.614 2.47 Yes Oligodendrocytes_moderate Yes

eHGT_407m High_specificity mm10 chr17 44121834 44122162 Mouse_Oligo 0.545 271 0.847 7.48 No No_oligodendrocyte_expression Yes

eHGT_408h High_specificity hg38 chr8 60867028 60867631 Human_Oligo 3.002 574 0.53 6.61 No No_oligodendrocyte_expression Yes

eHGT_408m High_specificity mm10 chr4 8867749 8868420 Mouse_Oligo 2.361 596 0.769 11.88 No No_oligodendrocyte_expression Yes

eHGT_409h High_specificity hg38 chr14 67539037 67539541 Human_Oligo 2.042 452 0.564 4.5 Yes Oligodendrocytes_moderate Yes

eHGT_409m High_specificity mm10 chr12 79035271 79035759 Mouse_Oligo 1.603 437 0.908 13.5 Yes Oligodendrocytes_strong Yes

eHGT_410h High_specificity hg38 chr9 81717541 81717791 Human_Oligo 2.177 202 0.579 1.41 Yes Oligodendrocytes_moderate Yes

eHGT_410m High_specificity mm10 chr4 72233773 72234067 Mouse_Oligo 1.838 203 0.817 9.68 Yes Oligodendrocytes_strong Yes

eHGT_495h Marker_gene hg38 chr19 33217923 33218346 Human_Astro 1.481 364 0.302 0.95 No_data No_data No

eHGT_495m Marker_gene mm10 chr7 35192340 35192802 Mouse_Astro 0.977 396 0.818 7.85 No No_astrocyte_expression No

eHGT_496h Marker_gene hg38 chr19 33225554 33226354 Human_Astro 1.18 749 0.516 4.76 No_data No_data No

eHGT_496m Marker_gene mm10 chr7 35185913 35186648 Mouse_Astro 0.955 686 0.734 15.35 No_data No_data No

eHGT_497h Marker_gene hg38 chr3 55237236 55237718 Human_Astro 1.648 437 0.037 0.09 No_data No_data No

eHGT_497m Marker_gene mm10 chr14 28781601 28782057 Mouse_Astro 1.444 410 0.966 7.49 No No_astrocyte_expression No

eHGT_641h Marker_gene hg38 chr21 33116993 33117641 Human_Oligo 4.073 557 0.755 16.66 No_data No_data No

eHGT_641m Marker_gene mm10 chr16 91305334 91305956 Mouse_Oligo 3.233 529 0.92 23.32 Yes Oligodendrocytes_strong No

eHGT_642h Marker_gene hg38 chr17 44539855 44540164 Human_Astro 2.026 230 0.463 0.26 No_data No_data No

eHGT_642m Marker_gene mm10 chr11 102579463 102579768 Mouse_Astro 1.655 228 0.86 11.06 Mixed_specificityNon-specific_astrocytes No

eHGT_733m Marker_gene mm10 chr2 29273794 29274249 Mouse_Oligo 0.127 366 0.876 5.72 No No_oligodendrocyte_expression No

MGT_E117h High_strength hg38 chr7 23230417 23231661 Human_Astro 1.333 1213 0.197 4.15 No_data No_data No

MGT_E117m High_strength mm10 chr6 49020855 49022070 Mouse_Astro 1.202 1174 0.852 49.25 Mixed_specificityNon-specific_astrocytes No

MGT_E118h High_strength hg38 chr13 25910516 25911691 Human_Astro 3.328 1146 0.062 0.26 No_data No_data No

MGT_E118m High_strength mm10 chr14 59736768 59737951 Mouse_Astro 2.384 1143 0.889 47.11 Mixed_specificityMixed_specificity_astrocytes No

MGT_E119h High_strength hg38 chr18 59386813 59388237 Human_Astro 4.406 1421 0.532 6.58 No_data No_data No

MGT_E119m High_strength mm10 chr18 66022617 66024006 Mouse_Astro 3.435 1386 0.926 38.9 Mixed_specificityMixed_specificity_astrocytes No

MGT_E120h High_strength hg38 chr2 134072857 134074292 Human_Astro 0.875 1436 0.333 2.16 No_data No_data No

MGT_E120m High_strength mm10 chr1 127159651 127161393 Mouse_Astro 0.697 1661 0.896 37.83 Yes Forebrain_midbrain_astrocytes No

MGT_E121h High_strength hg38 chr17 68641683 68642415 Human_Astro 0.531 733 0.139 0.17 No_data No_data No

MGT_E121m High_strength mm10 chr11 109753663 109754656 Mouse_Astro 0.322 994 0.911 38.9 Mixed_specificityMixed_specificity_astrocytes No

MGT_E122h High_strength hg38 chr4 175988170 175989315 Human_Astro 1.134 1121 0.675 8.65 No_data No_data No

MGT_E122m High_strength mm10 chr8 54791804 54792949 Mouse_Astro 1.078 1117 0.922 37.47 Yes Forebrain_cerebellum_astrocytesNo

MGT_E123h High_strength hg38 chr14 80206581 80208078 Human_Astro 2.747 1497 0.701 12.12 No_data No_data No

MGT_E123m High_strength mm10 chr12 90733627 90735117 Mouse_Astro 2.427 1490 0.808 36.76 Mixed_specificityMixed_specificity_astrocytes No

MGT_E160h None hg38 chr2 48184996 48185538 Human_Astro 0.314 538 0 0 No_data No_data No

MGT_E160m None mm10 chr17 88297369 88297914 Mouse_Astro 0.347 516 0.282 1.07 Yes Mid/hindbrain_astrocytes No
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Extended Data Table 1: Genomic coordinates, sequence characterization, and mouse screening 1111 
results of all tested astrocyte and oligodendrocyte enhancers. 1112 

Calculations of parameters are as described in Methods section.  1113 
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